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Revised  Tables  1-SC  (l  p)  and  2-SC  (l  p) 


*  TR  6-553  was  issued  in  June  i960.  Distributions  1,  2,  3»  4,  5>  6,  7,  and 
8  were  issued,  respectively,  in  May  1962,  August  1963*  August  1964,  August 
1965,  September  1966,  September  1967,  September  1968,  and  September  1969. 
This  distribution,  No.  9>  brings  the  report  up  to  date  as  of  September 
1970. 
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II 
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II 
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II 
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II 
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II 
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II 
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II 
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26 

II 
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27 

II 
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28 

II 
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29 

II 

34 

30 

II 

35 

31 

II 

36 

32 

II 

37 

33 

II 

38 

34 

II 

39 

35 

II 

40 

36 

II 

_  _ 

(issued  Sept  1970) 

_ Supplement,  Correction,  or  Revision _ 

Revised  sheets  2,  3,  and  4  of  Table  1-BFS;  revised 
sheets  2,  3?  and  4  of  Table  2-BFS 

Revised  Table  1-SSFE  (l  p) 

Withdraw  Section  13  from  this  volume  (see  Vol  2,  COM¬ 
PLETED  INVESTIGATIONS,  Program  2l) 

Revised  Table  1-4. 5A  (l  p) 

Revised  sheets  5,  6,  7,  and  8  of  Table  1-LTS;  revised 
sheets  1,  2,  3,  and  4  of  Table  2-LTS 

Revised  Table  1-MM  (l  p) 

Revised  sheets  4  and  5  of  Table  1-CRA 

Revised  Table  1-OD  (l  p);  revised  Table  2-OD  (l  p) 

Revised  Table  1-KCD  (l  p);  revised  Table  2-KCD  (l  p); 
revised  Table  3-KCD  (l  p);  revised  Table  4-KCD  (l  p); 
revised  Table  5-KCD  (l  p) 

Revised  Table  1-ED  (l  p) 

Revised  sheets  3  and  4  of  Table  1-AA;  revised  Table  2-AA 
(1  P) 

Revised  sheets  2  and  5  of  Table  1-WS;  revised  sheets  2 
and  3  of  Table  2-WS;  revised  sheets  1  and  2  of  Table 
3-WS;  revised  sheets  2,  3,  and  4  of  Table  4-WS 

Revised  key,  revised  pp  1  and  2;  revised  Table  1-WFF 

(lp) 

Revised  sheet  2  of  Table  1-SS 
Revised  Table  1-MCP  (l  p) 

Revised  Table  1-QA  (l  p);  revised  Table  2-QA  (l  p) 

Revised  p  1;  revised  Table  1-CRMI-PG  (l  p) 

Revised  sheet  2  of  Table  1-CAP;  new  sheet  3  of  Table 
1-CAP 

Revised  sheet  2  of  Table  1-MAWC 

Revised  sheets  1  and  2  of  Table  1-CT 

Revised  key;  revised  p  1;  revised  Table  1-MBC;  new 
Table  2-MBC  (l  p) 

Revised  Plates  1,  2,  and  3  (l  P  ea) 


(issued  Sept  1970) 


VOLUME  2 


COMPLETED  INVESTIGATIONS 


I 


Item  Part  Program 


Supplement,  Correction,  or  Revision 


37 

38 

III 

-- 

39 

III 

21 

Revised  Contents  (l  p) 

New  p  3 

A  new  item  (including  key  (2  pp);  7  pp  of  text;  and 
Tables  1-CRE,  2-CRE,  and  3-CRE) 


(issued  Sept  1969) 


INVESTIGATION  OF  PERFORMANCE  OF  CONCRETE  AND  CONCRETING 
MATERIALS  EXPOSED  TO  NATURAL  WEATHERING 


Item 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


11 

12 

13 

14 


TECHNICAL  REPORT  NO.  6-553 
June  i960 

Supplements,  Corrections,  and  Revisions 
Distribution  No.  8* 

September  1969 

VOLUME  I 


Part  Section 

Preface 

Contents 

I 

II 

II  1 

II  2 

II  3 

II  4 

II  5 

II  6 


II  7 

II  8 

II  9 

II  10 


ACTIVE  INVESTIGATIONS 

_ Supplement,  Correction,  or  Revision _ 

Reprinted  p  iii;  revised  p  iv 

Revised  p  v;  reprinted  p  vi 

Reprinted  p  5j  revised  p  6;  revised  Tables  1,  2,  and 
3  (1  p  ea) 

Revised  p  11 

Revised  sheet  3  of  Table  1-TC-A 

Revised  sheets  6  and  7  of  Table  1-TC-B 

Revised  Table  1-SF  (l  p) 

Revised  Table  1-CRMI-PB  (l  p) 

Revised  Tables  1-PF  and  2-PF  (same  page) 

Revised  sheet  2  of  Table  1-PR;  revised  sheets  2  and  3 
of  Table  2-PR;  revised  Table  3-PR  (l  p);  revised 
sheet  1  and  new  sheet  2  of  Table  5-PR;  revised 
sheet  2  of  Table  6-PR 

Revised  Table  1-GLD  (l  p) 

Revised  sheet  3  and  new  sheet  4  of  Table  1-CRMI-PD; 
revised  sheet  2  of  Table  2-CRMI-PD 

Revised  sheet  1  and  new  sheet  2  of  Table  1-PQ 

Revised  Tables  1-SC  (l  p)  and  2-SC  (l  p) 


*  TR  6-553  was  issued  in  June  i960.  Distributions  1,  2,  3S  4,  5»  6,  and  7 
were  issued,  respectively,  in  May  1962,  August  1963,  August  1964,  August 
1965>  September  1966,  September  1967,  and  September  1968.  This  distri¬ 
bution,  No.  8,  brings  the  report  up  to  date  as  of  September  1969* 


(issued  Sept  1969 ) 


Item 

Part 

Section 

Supplement,  Correction,  or  Revision 

15 

II 

11 

Revised  sheets  2,  3,  and  4  of  Table  1-BFS 

16 

II 

12 

A  new  item  (including  key;  1  p  of  text;  and  Table 

1-SSFE  (1  p) 

17 

II 

13 

Revised  sheet  5,  reprinted  sheet  6,  and  revised  sheet 

7  of  Table  1-CRE;  revised  sheet  2  of  Table  2-CRE 

18 

II 

14 

A  new  item  (including  key;  1  p  of  text;  and  Table 

1-4. 5A  (1  p)) 

19 

II 

17 

Revised  sheets  6,  7,  and  8  of  Table  1-LTS 

20 

II 

22 

Revised  Table  1-MM  (l  p) 

21 

II 

25 

Revised  sheets  4  and  5  of  Table  1-CRA 

22 

II 

26 

Revised  Table  1-0D  (l  p);  revised  Table  2-OD  (l  p) 

23 

II 

27 

Additional  key  (l  p);  revised  p  3  and  new  p  4;  revised 
Table  1-KCD  (l  p) ;  revised  Table  2-KCD  (l  p);  re¬ 
vised  Table  3-KCD  (l  p);  revised  Table  4-KCD  (l  p); 
new  Table  5“KCD  (l  p) 

24 

II 

28 

Revised  Table  1-ED  (l  p) 

25 

II 

30 

Revised  sheets  1,  2,  35  and  4,  new  sheet  5,  and  revised 
sheets  6  and  7  of  Table  1-WS;  revised  sheets  1,  2, 
and  3  of  Table  2-WS;  revised  sheets  1  and  2  of  Table 
3-WS;  revised  sheets  2,  3,  and  4  of  Table  4-WS 

26 

II 

34 

Revised  Table  1-MCP  (l  p) 

27 

II 

35 

Revised  Table  1-QA  (l  p) ;  revised  Table  2-QA  (l  p) 

28 

II 

36 

Revised  p  1;  revised  Table  1-CRMI-PG  (l  p) 

29 

n 

37 

Revised  sheet  2  of  Table  1-CAP 

30 

ii 

38 

Revised  sheet  2  of  Table  1-MAWC 

31 

ii 

39 

Revised  sheets  1  and  2  of  Table  1-CT 

32 

ii 

4o 

A  new  item  (including  key;  1  p  of  text;  and  Table 

1-MBC  (1  p) 

33 

ii 

-- 

Revised  Plates  1  and  2  (l  p  ea) 

(issued  Sept  1968) 


INVESTIGATION  OF  PERFORMANCE  OF  CONCRETE  AND  CONCRETING 
MATERIAL  EXPOSED  TO  NATURAL  WEATHERING 


TECHNICAL  REPORT  NO.  6-553 
June  I960 

Supplements,  Corrections,  and  Revisions 
Distribution  No.  7* 

September  1968 

VOLUME  1 

ACTIVE  INVESTIGATIONS 


Item 

Part 

Section 

Supplement,  Correction,  or  Revision 

1 

Preface 

Reprinted  p  iii;  revised  p  iv 

2 

Contents 

Revised  pp  v  and  vi 

3 

Conversion 

factors 

Revised  p  vii 

4 

I 

“  " 

Revised  pp  1,  2,  3,  4,  5,  and  6;  revised  Tables  1,  2, 
and  3 

5 

II 

1 

Revised  sheets  1,  2,  and  3  of  Table  1-TC-A 

6 

II 

2 

Revised  sheets  5  and  6  of  Table  1-TC-B;  new  sheet  7 
of  Table  1-TC-B 

7 

II 

3 

Revised  Table  1-SF  (l  p) 

8 

II 

4 

Revised  p  1;  revised  Table  1-CRMI-PB  (l  p) 

9 

II 

5 

Revised  Tables  1-PF  and  2-PF  (same  page) 

10 

II 

6 

Revised  sheets  1  and  2  of  Table  1-PR;  revised  sheet  2 
and  new  sheet  3  of  Table  2-PR;  revised  Table  3-PR 
(l  p);  revised  Table  4-PR  (l  p);  revised  Table  5-PR 
(l  p);  revised  sheets  1  and  2  of  Table  6-PR 

11 

II 

7 

Revised  Table  1-GLD  (l  p) 

12 

II 

8 

Revised  p  1;  revised  sheets  2  and  3  of  Table  1-CRMI-PD 
revised  sheets  1  and  2  of  Table  2-CRMI-PD 

13 

II 

9 

Revised  Table  1-PQ  (l  p) 

14 

II 

10 

Revised  Table  1-SC  (1  p);  revised  Table  2-SC  (l  p) 

*  TR  6-553  was  issued  in  June  i960.  Distributions  1,  2,  3,  4,  5,  and  6 
were  issued,  respectively,  in  May  1962,  August  1963,  August  1964,  August 
1965,  September  1966,  and  September  1967.  This  distribution,  No.  7, 
brings  the  report  up  to  date  as  of  September  1968. 


(issued  Sept  1968) 


Item 

Part 

Section 

Supplement,  Correction,  or  Revision 

15 

II 

11 

Revised  pp  1  and  2;  revised  sheet  2  and  new  sheets  3 
and  4  of  Table  1-BFS;  revised  sheet  2  and  new  sheets 
3  and  4  of  Table  2-BFS 

16 

II 

13 

Revised  sheet  3»  reprinted  sheet  4,  revised  sheets  5, 
6,  and  7  of  Table  1-CRE;  revised  sheet  2  of  Table 
2-CRE;  revised  sheets  3,  4,  5}  and  6  of  Table  3-CRE 

17 

II 

17 

Revised 

1-LTS: 

p  1;  revised  sheets  5j  6,  7,  and  8  of  Table 
;  revised  sheets  1,  2,  3>  and  4  of  Table  2-LTS 

18 

II 

22 

Revised 

Table  1-MM  (l  p) 

19 

II 

25 

Revised 

sheets  3,  4,  and  5  of  Table  1-CRA 

20 

II 

26 

Revised 

Table  1-0D  (l  p);  revised  Table  2-OD  (l  p) 

21 

II 

27 

Revised  Table  1-KCD  (l  p);  revised  Table  2-KCD  (l  p); 
revised  Table  3-KCD  (l  p);  revised  Table  4-KCD  (l  p) 

22 

II 

28 

Revised 

Table  1-ED  (l  p) 

23 

II 

29 

Revised  sheets  3  and  4  of  Table  1-AA;  revised  Table 
2-M  (1  p) 

24 

II 

30 

Revised 
and  3 
Table 

sheets  2  and  4  of  Table  1-WS;  revised  sheets  2 
of  Table  2-WS;  revised  sheets  1  and  2  of 

3-WS;  revised  sheets  2,  3,  and  4  of  Table  4-WS 

25 

II 

32 

Revised 

sheet  2  of  Table  1-SS 

26 

II 

34 

Revised 

Table  1-MCP  (1  p) 

27 

II 

35 

Revised 

Tables  1-QA  and  2-QA  (same  page) 

28 

II 

36 

Revised 

Table  1-CEMI-PG  (l  p) 

29 

II 

37 

Revised 

sheet  2  of  Table  1-CAP 

30 

II 

38 

Revised 

sheet  1  and  new  sheet  2  of  Table  1-MAWC 

31 

II 

39 

A  new  item  (including  key;  1  p  of  text;  and  Table 

1-CT  (2  pp)) 

32 

II 

— 

Revised 

Plates  1,  2,  and  3 

32  II 


(issued  Sept  1967) 


INVESTIGATION  OF  PERFORMANCE  OF  CONCRETE  AND  CONCRETING 
MATERIALS  EXPOSED  TO  NATURAL  WEATHERING 

TECHNICAL  REPORT  NO.  6-553 
June  i960 

Supplements,  Corrections,  and  Revisions 
Distribution  No.  6* 

September  1967 

VOLUME  1 

ACTIVE  INVESTIGATIONS 

Item  Part  Section  _ Supplement,  Correction,  or  Revision 


1 

Preface 

Reprinted  p  iii;  revised  p  iv 

2 

Contents 

Revised  pp  v  and  vi 

3 

I 

— 

Revised  Table  1;  reprinted  Table  2;  revised  Table  3 

4 

II 

-- 

Revised  p  11 

5 

II 

1 

Revised  sheet  3  of  Table  1-TC-A 

6 

II 

2 

Revised  sheets  5  and  6  of  Table  1-TC-B 

7 

II 

3 

Revised  Table  1-SF 

8 

II 

4 

Revised  Table  1-CRMI-PB 

9 

II 

5 

Revised  Tables  1-PF  and  2-PF  (same  page) 

10 

II 

6 

Reprinted  p  5;  new  p  6;  revised  sheet  2  of  Table  1-P] 
revised  sheets  1  and  2  of  Table  2-PR;  revised  Tabl< 
4-PR;  revised  Table  5-PR;  revised  sheet  2  of  Table 
6-PR 

11 

II 

7 

Revised  Table  1-GLD 

12 

II 

8 

Revised  sheets  2  and  3  of  Table  1-CRMI-PD;  revised 
sheet  2  of  Table  2-CRMI-PD 

13 

II 

9 

Revised  Table  1-PQ 

14 

II 

10 

Revised  Tables  1-SC  and  2-SC 

15 

II 

11 

Revised  sheets  1  and  2  of  Table  1-BFS 

*  TR  6-553  was  issued  in  June  i960.  Distributions  1,  2,  35  4,  and  5  were 
issued,  respectively,  in  May  1962,  August  1963,  August  1964,  August  1965j 
and  September  1966.  This  distribution,  No.  6,  brings  the  report  up  to 
date  as  of  September  1967. 


(issued  Sept  1967) 


Item 

Part 

Section 

Supplement,  Correction,  or  Revision 

16 

II 

12 

Withdraw  Section  12  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  10 ) 

17 

II 

13 

Revised  sheets  5  and  7  of  Table  1-CRE;  revised  sheet  2 
of  Table  2-CRE 

18 

II 

14 

Withdraw  Section  14  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  11 ) 

19 

II 

15 

Withdraw  Section  15  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  13) 

20 

II 

16 

Withdraw  Section  16  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  14) 

21 

II 

17 

Revised  sheets  5,  6,  7,  and  8  of  Table  1-LTS 

22 

II 

18 

Withdraw  Section  18  from  this  volume.  The  results  of 
this  study  will  be  issued  in  Distribution  No.  7 
(1968)  as  Program  17  of  Vol  2,  COMPLETED  INVESTIGA¬ 
TIONS 

23 

II 

19 

Withdraw  Section  19  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  12) 

24 

II 

20 

Withdraw  Section  20  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  15) 

25 

II 

21 

Withdraw  Section  21  from  this  volume  (see  Vol  2,  COM- 
PLETED  INVESTIGATIONS,  Program  16) 

26 

II 

22 

Revised  Table  1-MM 

27 

II 

23 

Withdraw  Section  23  from  this  volume.  The  results  of 

this  study  will  be  issued  in  Distribution  No.  7 
(1968)  as  Program  18  of  Vol  2,  COMPLETED  INVESTIGA¬ 
TIONS 


28  II  24  Withdraw  Section  24  from  this  volume.  The  results  of 

this  study  will  be  issued  in  Distribution  No.  7 
(1968)  as  Program  19  of  Vol  2,  COMPLETED  INVESTIGA¬ 
TIONS 

29  II  25  Revised  sheets  4  and  5  of  Table  1-CRA 

30  II  26  Revised  Tables  1-OD  and  2-OD 

31  II  27  Revised  Table  1-KCD;  revised  Table  2-KCD;  revised 

Table  3-KCD;  revised  Table  4-KCD 

32  II  28  Revised  Table  1-ED 

33  II  30  Revised  sheets  2  and  4  of  Table  1-WS;  revised  sheets  1 

and  2  of  Table  3-WS;  revised  sheets  2,  3»  and  4  of 
Table  4-WS 

31  Revised  p  1;  new  p  2;  revised  Table  1-WPF 


34  II 


(Issued  Sept  1967) 


Item 

35 


36 

37 

38 

39 

40 

41 


Part  Section  _ Supplement,  Correction,  or  Revision _ 

II  33  Withdraw  Section  33  from  this  volume.  The  results  of 

this  study  will  be  issued  in  Distribution  No.  7 
(1968)  as  Program  20  of  Vol  2,  COMPLETED  INVESTIGA- 


II 

34 

TIONS 

Revised 

Table 

1-MCP 

II 

35 

Revised 

Table 

1-QA;  revised  Table  2-QA  (same  page) 

II 

36 

Revised 

Table 

1-CRMI-PG 

II 

37 

Revised 

sheet 

2  of  Table  1-CAP 

II 

38 

Revised 

Table 

1-MAWC 

II 

-  - 

Revised 

Plates  1  and  2 

(issued  Sept  1966) 


INVESTIGATION  OF  PERFORMANCE  OF  CONCRETE  AND  CONCRETING 
MATERIALS  EXPOSED  TO  NATURAL  WEATHERING 

TECHNICAL  REPORT  NO.  6-553 
June  i960 

Supplements,  Corrections,  and  Revisions 
Distribution  No.  5* 

September  1966 

VOLUME  1 

ACTIVE  INVESTIGATIONS 


Item 

Part  Section 

Supplement ,  Correction,  or  Revision 

A 

Preface 

Reprinted  p  iii;  revised  p  iv 

A. 

Contents 

Revised  p  v;  reprinted  p  vi 

A 

Conversion 

Factors 

(New  section.)  p  vii 

A 

Summary 

Revised  p  ix 

A 

I 

Revised  pp  1,  2,  35  and  4;  new  sheet  5;  revised 

Tables  1,  2,  and  3 

/ 

II 

Revised  p  11 

A 

II 

1 

Revised  sheet  3  of  Table  1-TC-A** 

A 

II 

2 

Revised  sheets  5  and  6  of  Table  1-TC-B** 

A 

II 

3 

Revised  Table  1-SF** 

jLo 

II 

4 

Revised  Table  1-CRMI-PB** 

A 

II 

5 

Revised  Tables  1-FF  and  2-EF  (same  page)** 

*  TR  6-553  was  issued  in  June  i960.  Distributions  1,  2,  3,  and  4  were 
issued  respectively  in  May  1962,  August  1963>  August  1964,  and  August 
1965.  This  distribution,  No.  5,  brings  the  report  up  to  date  as  of 
September  1966. 

**  Pulse  velocities  are  not  given  for  all  specimens  in  these  Treat  Island 
programs  for  1966.  Values  were  obtained  but  they  were  determined  with 
the  James  Soni scope  ("V- scope")  and  appear  to  be  too  low  when  compared 
with  previous  readings  taken  with  the  McPhar  Soniscope.  An  effort  has 
been  made  to  establish  a  factor  for  use  in  adjusting  these  readings, 
but  has  not  yet  been  successful. 


(issued  Sept  19 66) 


Item  Part  Section  Supplement,  Correction,  or  Revision 


Zl.2 

II 

6 

Revised  sheet  1  and  new  sheet  2  of  Table  1-PR;  revised 
sheets  1  and  2.  of  Table  2-PR;  revised  Table  3-PR; 
revised  Table  5-PR;  revised  sheet  1  and  new  sheet  2 
of  Table  6- PR** 

II 

7 

Revised  Table  1-GLD 

11 

8 

Revised  sheets  2  and  3  of  Table  1-CRMI-PD;  revised 
sheet  2  of  Table  2-CMI-PD** 

II 

9 

Revised  Table  1-PQ 

•X16 

II 

10 

Revised  Key;  revised  sheet  1;  new  sheet  2;  revised 
Table  1-SC;  new  Table  2-SC 

\Ai 

II 

11 

Revised  sheets  1  and  2  of  Table  1-BFS;  revised  sheets 

1  and  2  of  Table  2-BFS 

11 

12 

Revised  sheet  3  of  Table  1-NBS 

II 

13 

Revised  sheets  5  and  7  of  Table  1-CRE;  revised  sheet 

2  of  Table  2-CRE;  revised  sheets  35  4,  5>  and  6  of 
Table  3-CKE 

\J  20 

II 

14 

Revised  Table  1-ADB 

v/21 

II 

15 

Revised  sheet  4  of  Table  1-CRN 

l/22 

II 

16 

Revised  sheet  6  of  Table  1-VR;  new  sheets  7  and  8  of 
Table  1-VR 

/23 

II 

17 

Revised  sheet  1;  revised  sheets  5?  6,  7,  and  8  of 

Table  1-LTS 

II 

18 
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PREFACE 

The  establishment  of  exposure  stations,  and  the  conduct  of  programs 
of  investigation  relative  to  the  durability  of  concrete  exposed  to  natu¬ 
ral  weathering  have  been  authorized  from  time  to  time  by  the  Office, 

Chief  of  Engineers.  The  initial  installation  of  concrete  specimens  at 
an  exposure  station  was  made  at  Treat  Island,  Maine,  in  1936  by  the 
Concrete  Laboratory  of  the  Passamaquoddy  Tidal  Power  Project.  In  1939 
the  Office,  Chief  of  Engineers,  authorized  the  Central  Concrete  Labora¬ 
tory,  North  Atlantic  Division,  to  develop  data  relative  to  the  dura¬ 
bility  of  concrete  exposed  to  severe  weathering.  Under  this  authoriza¬ 
tion  specimens  were  prepared  and  installed  at  exposure  stations  in 
Maine,  Florida,  and  New  York.  In  1946,  the  Office,  Chief  of  Engineers, 
directed  the  Concrete  Research  Division  (now  Concrete  Laboratory)  of 
the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  (successor 
to  the  Central  Concrete  Laboratory)  to  continue  the  work  in  connection 
with  these  exposure  stations.  Further  authority  is  contained  in  multi¬ 
ple  letter  of  the  Office,  Chief  of  Engineers,  dated  l4  September  1948, 
subject,  "Civil  Works  Investigations  of  Office,  Chief  of  Engineers," 

Item  CW-604- Concrete  "Continuation  of  Permanent  Exposure  Stations." 
Additional  authorizations  have  been  provided  since  that  time  for  the 
making  and  installing  of  specific  specimens  at  these  exposure  stations. 
Installation  and  testing  of  specimens  at  the  Florida  station  was  discon¬ 
tinued  in  November  1971. 

Results  of  these  various  investigations  have  been  reported  from 
time  to  time  in  the  reports  listed  below. 

1.  Corps  of  Engineers,  Central  Concrete  Laboratory,  Cement 
Durability  Program,  First  Interim  Report,  June  1942"! 

_ ,  Concrete  Research,  Laboratory  Studies  of 

Concrete  Containing  Air- Entraining  Admixtures,  Second 


2. 
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3.  Waterways  Experiment  Station,  Concrete  Research,  Third 
Interim  Report,  Durability  of  Concrete  Exposed  to  Natural 
Weathering,  Technical  Memorandum  No.  6-226,  August  1947. 

4.  _ ,  Concrete  Research,  Third  Interim  Report, 

Supplement  No.  1,  Durability  of  Concrete  Exposed  to  Natu¬ 
ral  Weathering,  Technical  Memorandum  No.  6-226,  June  1950. 

5.  _ ,  Investigation  of  Durability  of  Concrete  Exposed 

to  Natural  Weathering,  Report  No.  5,  Summary  of  Results 
1936-1953,  Technical  Memorandum  No.  6-22 6,  May  1954. 

6.  _ Cement  Durability  Program,  Long-Term  Field 

Exposure  of  Concrete  Columns,  Technical  Report  C-72-2, 
August  1972. 

7.  Roshore,  E.  C.  and  Houston,  B.  J.,  Investigation  of  Plastic 
and  Rubber-Based  Coatings  Used  in  Lieu  of  Rubbed  Finishes 
on  Formed  Concrete  Surfaces,  sponsored  by  the  Assistant 
Secretary  of  the  Army  (R&D),  Department  of  the  Army; 
Miscellaneous  Paper  No.  6-864,  November  1966. 

8.  Houston,  B.  J.,  Investigation  of  Nonmetallic  Waterstops; 
Preliminary  Laboratory  and  Field  Exposure  Tests,  sponsored 
by  Office,  Chief  of  Engineers,  U.  S.  Army;  Technical  Report 
No.  6-546,  Report  No.  1,  May  i960. 

9.  _ ,  Investigation  of  Nonmetallic  Waterstops; 

Progress  Report  of  Laboratory  and  Field  Exposure  Tests, 
sponsored  by  Office,  Chief  of  Engineers,  U.  S.  Army; 
Technical  Report  No.  6-546,  Report  No.  3>  June  1963* 

10.  _ ,  Investigation  of  Nonmetallic  Waterstops 

Effect  of  Exposure,  sponsored  by  Office,  Chief  of 
Engineers,  U.  S.  Army;  Technical  Report  No.  6-546, 

Report  No.  6,  January  1968. 

11.  Kennedy,  T.  B.,  Tensile  Crack  Exposure  Tests,  CWI  Item 
No.  026,  Tensile  Crack  Exposure  Test  for  Reinforced  Con¬ 
crete  Beams,  Technical  Memorandum  No.  6-412,  U.  S.  Army 
Engineer  Waterways  Experiment  Station,  CE,  July  1955- 

12.  Roshore,  E.  C. ,  Durability  and  Behavior  of  Prestressed 
Concrete  Beams.  Pretensioned  Concrete  Investigation: 
Progress  to  July  I960,  Technical  Report  No.  6-570,  Re¬ 
port  1,  June  1961. 

13.  _ ,  Tensile  Crack  Exposure  Tests;  Results  of  Tests 

of  Reinforced  Concrete  Beams,  Technical  Memorandum 

No.  6-412,  Report  2,  November  1964. 
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ll+.  Roshore,  E.  C.  ,  Durability  and  Behavior  of  Prestressed 
Concrete  Beams:  Posttensioned  Concrete  Investigation. 
Progress  to  July  1966,  Technical  Report  No.  6-570,  Re¬ 
port  No.  6-570,  Report  2,  March  1967. 

15 .  _ ,  Field  Exposure  Tests  of  Reinforced  Concrete 

Beams,  Miscellaneous  Paper  No.  6-868,  January  1967. 

16.  _ ,  Durability  and  Behavior  of  Prestressed  Concrete 

Beams;  Laboratory  Tests  of  Weathered  Pretensioned  Beams. 
Technical  Report  No.  6-570,  Report  3,  October  1971. 

17.  O'Neil,  E.  F. ,  Durability  and  Behavior  of  Prestressed 
Concrete  Beams;  Posttensioned  Concrete  Beam  Investigation 
vith  Laboratory  Tests  from  June  1961  to  September  1973, 
Technical  Report  No.  6-570,  Report  1+,  February  1977. 

18.  _ ,  Durability  and  Behavior  of  Prestressed  Con¬ 

crete  Beams;  Laboratory  Tests  of  Weathered  Pretensioned 
Beams,  Technical  Report  No.  6-570,  Report  5,  June  1976. 

This  report  summarizes  all  investigations  made  to  date,  and  is 
issued  in  loose-leaf  form  in  order  that  it  may  be  kept  up  to  date  by  the 
addition  of  new  material  or  revision  of  old  material,  as  appropriate. 

The  report  is  made  up  of  two  volumes:  Volume  1  (this  volume)  summarizes 
the  test  results  of  investigations  which  are  still  active,  and  Volume  2 
summarizes  the  findings  of  completed  investigations. 

The  major  part  of  the  work  reported  herein  and  the  preparation  of 
this  report  constitute  part  of  Civil  Works  Investigation  Item  ES-63O, 
"Field  Exposure  Durability  Studies  of  Concrete."  The  studies  were  made 
by  the  Concrete  Laboratory,  Waterways  Experiment  Station.  Personnel 
actively  engaged  in  the  direction  and  conduct  of  the  work  include 
Ms.  K.  Mather,  Messrs.  B.  Mather,  John  Scanlon,  B.  R.  Sullivan,  R.  V. 

Tye,  Jr.,  E.  E.  McCoy,  E.  C.  Roshore,  H.  T.  Thornton,  R.  E.  Black, 

Dale  Glass,  and  G.  S.  Harris.  Mr.  Thornton  prepared  this  distribution. 

During  the  preparation  of  this  report  COL  Edmund  H.  Lang,  CE,  was 
Director  of  the  Waterways  Experiment  Station,  and  Mr.  J.  B.  Tiffany  was 
Technical  Director.  During  the  preparation  of  this  distribution  of  the 
Supplements,  Corrections,  and  Revisions,  COL  John  L.  Cannon,  CE,  was 
Commander  and  Director  and  Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO 
METRIC  (SI)  UNITS  OF  MEASUREMENT 

1  inch  =  25. 4  millimetres 

1  inch  =  2.54  centimetres 

1  foot  =  30.48  centimetres 

1  foot  =  0.3048  metre 

37°F  =  2.8°C 

-10°F  =  -23.U°C 

28°F  =  -2.2°C 

70°F  =  21.1°C 

1  lb  =  0.453592  kilogram 

1  bag  of  cement  =  94  lb  of  cement  =  42.637648  kilograms  of  cement 

1  cu  yd  =  0.764555  cubic  metre 

1  gal  (U.  S.)  =  3785.412  cubic  centimetres 

1  gal  (U.  S.)  =  3.785412  cubic  decimetres 

1  cu  ft  =  0.028317  cubic  metre 

1  ton  =  2000  lb  =  907.184  kilograms 

1  psi  =  0.006894757  megapascals 

1  fps  =  0.3048  metre/second 

1  lb/cu  ft  =  16.018477  kilograms/cubic  metre 

1  bag/cu  yd  =  55-767928  kilograms/cubic  metre 

1  gal/bag  =  88.781398  cubic  centimetres/kilogram 

3-1/2  by  4-1/2  by  l6  in.  =  approximately  9  by  11-1/2  by  4l  centimetres 
6  by  6  by  30  in.  =  approximately  15  by  15  by  j6  centimetres 

6  by  6  by  48  in.  =  approximately  15  by  15  by  122  centimetres 

18  by  18  by  36  in.  =  approximately  46  by  46  by  91  centimetres 
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SUMMARY 


To  assess  the  durability  of  concrete  and  other  materials  used  in  con¬ 
crete  construction  when  exposed  to  natural  weathering,  the  Corps  of  Engi¬ 
neers  maintains  severe-,  mild-,  moderate-,  and  nonweathering  exposure  sta¬ 
tions  at  various  locations  in  the  United  States.  Specimens  from  actual 
structures  and  experimental  specimens  in  which  the  amounts  or  kinds  of 
components  are  varied  are  exposed  until  they  fail  or  until  testing  is 
completed,  whichever  occurs  first.  The  specimens  are  inspected  periodi¬ 
cally,  and  tested  to  determine  their  dynamic  modulus  of  elasticity  and 
pulse  velocity.  This  report,  in  two  volumes,  describes  the  exposure 
stations,  test  methods  used,  the  specimens,  and  lists  test  results  to  date 
Volume  1  contains  the  active  investigations,  and  volume  2  the  completed 
investigations.  These  volumes  are  in  loose-leaf  form  so  that  new  or  re¬ 
vised  data  can  be  added  to  volume  1,  and  completed  studies  can  be  trans¬ 
ferred  from  volume  1  to  volume  2.  A  preliminary  report  was  prepared  in 
June  1959 >  but  the  first  complete  edition  was  issued  in  June  i960.  Re¬ 
visions  will  be  distributed  annually. 
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INVESTIGATION  OF  PERFORMANCE  OF  CONCRETE  AND  CONCRETING 
MATERIALS  EXPOSED  TO  NATURAL  WEATHERING 

/ 

PART  I:  INTRODUCTION 

1.  The  ultimate  test  of  the  durability  of  concrete  is  its  perform¬ 
ance  under  the  exposure  conditions  in  which  it  is  to  serve.  Although 
laboratory  tests  yield  valuable  indications  of  probable  durability,  the 
potential  disrupting  influences  in  nature  are  so  numerous  and  variable 
that  actual  field  exposures  are  highly  desirable  to  assess  the  durability 
of  concrete  when  exposed  to  natural  weathering.  To  this  end,  exposure  sta¬ 
tions  have  been  provided  at  several  locations  in  the  United  States. 

Severe-Weathering  Station,  Treat  Island,  Maine 


2.  The  severe-weathering  exposure  station  is  located  at  Treat  Island 
in  Cobscook  Bay  near  Eastport,  Maine.  This  station  has  been  in  use  since 
1936  and  is  an  ideal  location  for  these  tests,  providing  twice-daily  tide 
reversals,  together  with  severe  winters.  The  specimens  are  installed  at 
mean-tide  elevation  and  the  alternate  conditions  of  immersion  of  the 
specimens  in  sea  water,  then  exposure  to  cold  air,  provide  numerous  cycles 
of  freezing-and- thawing  of  the  concrete  during  the  winter.  The  effect  of 
the  relatively  cool  summers  is  to  lessen,  in  general,  autogenous  healing 
and  chemical  reactions  in  the  concrete.  The  tidal  range  is  a  mean  of  about 
18  ft,*  with  a  maximum  of  about  28  ft  and  a  minimum  of  about  13  ft.  Pri.or 
to  September  1963,  the  half-tide  exposure  rack,  on  which  most  of  the  speci¬ 
mens  are  installed  (the  rest  are  on  the  beach),  had  a  roof  over  it  to  elim¬ 
inate  differences  in  exposure  due  to  sunlight  and  wind.  In  September  1963, 
the  exposure-rack  specimens  were  moved  onto  a  new  rack.  This  new  rack  con¬ 
tained  no  roof  and  the  specimens  are  therefore  exposed  to  sunlight  and  wind 
as  are  the  beach  specimens. 


1 


A  table  of  factors  for  converting  British  units  of  measurement  to  metric 
units  is  included  on  page  vii. 

-1  - 
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3.  In  winter,  the  combination  of  air  and  water  temperatures  creates 
a  condition  in  which  specimens  at  the  mean-tide  elevation  are  thawed  to  a 
temperature  of  about  37  F  when  covered  with  water,  and  are  frozen  to  tem¬ 
peratures  as  low  as  -10  F  when  exposed  in  air.  A  recording  thermometer, 
the  bulb  of  which  is  embedded  in  the  center  of  a  concrete  specimen,  records 
these  temperatures.  A  cycle  of  freezing-and-thawing  consists  of  the  re¬ 
duction  of  the  temperature  at  the  center  of  a  concrete  specimen  to  below 
28  F,  and  its  subsequent  rise  to  above  that  figure.  During  an  average 
winter,  the  specimens  sire  subjected  to  over  100  cycles  of  freezing-and- 
thawing.  In  eleven  winters,  from  i960  'to  1972,  the  number  of  annual  cycles 
has  ranged  from  89  to  185,  with  the  average  being  145. 

Mild-Weathering  Station,  St.  Augustine,  Fla. 

4.  The  mild-weathering  exposure  station  located  in  Salt-Run,  off 
Anastasia  Island  near  St.  Augustine,  Fla.,  was  discontinued  in  November 
1971.  This  station  was  established  to  provide  information  on  the  effects 
of  sea  water  on  concrete  specimens  apart  frcm  the  effects  of  freezing- 
and-thawing.  The  specimens  were  installed  at  mean-tide  elevation  and, 
therefore,  were  subject  to  twice-daily  tide  reversals.  The  mean  water 
temperature  of  about  70  F  was  found  to  be  conducive  to  attack  on  concrete 
specimens  by  the  dissolved  salts  in  the  sea  water. 

5.  In  September  1964,  Hurricane  "Dora"  struck  the  St.  Augustine 
area,  breaching  the  bar  between  Salt-Run  and  the  open  sea  and  depositing 
a  large  quantity  of  sand  on  the  exposure  rack.  In  February  1966,  an  in¬ 
spection  party  established  that  the  continuing  deposition  of  sand  did 
not  seriously  alter  the  exposure  conditions  and  no  immediate  action  as  a 
result  of  it  was  indicated.  It  became  obvious,  however,  by  mid-1971  that 
the  sand  deposits,  which  had  by  then  become  extensive,  and  the  accelerating 
deterioration  of  the  facility  dictated  its  abandonment.  A  firm  decision 
concerning  the  possible  reestablishment  of  the  mild-weathering  station  at 
another  site  has  not  yet  been  reached. 
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Moderate-Weathering  Exposure  Stations 


6.  The  moderate-weathering  exposure  station  was  located  outdoors  at 
West  Point,  N.  Y.  ,  from  September  191*0  to  April  191+2,  then  at  Mt.  Vernon, 

N.  Y. ,  from  191+2  to  191*6.  Specimens  for  moderate  exposure  were  stored 
outdoors  at  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  Jackson 
Installation,  Jackson,  Miss.,  until  October  1969-  Here  specimens  were  ex¬ 
posed  to  rain,  occasionally  ice  or  snow,  cold,  and  strong  sunlight,  but 
were  supported  above  the  ground  and  allowed  to  drain  freely.  Moderate¬ 
weathering  exposure  was  discontinued  after  October  1969. 

Nonweathering  Exposure  Stations 

7.  A  nonweathering  exposure  station  was  located  in  19I+O  inside  the 
laboratory  buildings  at  West  Point,  N.  Y.,  and  later  indoors  at  Mt.  Vernon, 
N.  Y.,  until  191+6.  Since  that  time,  specimens  for  nonweathering  exposure 
have  been  stored  inside  the  Concrete  Laboratory  building  at  the  Jackson 
Installation. 


Composition 

of  Sea  Water  at  Treat  Island, 

Maine , 

and  St.  Augustine, 

Fla. 

Parts  per 

Million 

Treat  Island 

Salt -Run 

Constituent 

(Sampled  in  1959) 

(Sampled  in  1958) 

Total  solids 

35,275 

38,770 

Suspended  solids 

— 

160 

Dissolved  solids 

— 

38,610 

Calcium 

370 

1+30 

Magnesium 

1,175 

1,3U0 

Sodium 

9,500 

11,130 

Potassium 

370 

1+50 

Chloride 

17,100 

20,1+60 

Sulfate 

2,385 

2,780 

Test  Methods 

Frequency  readings 


8.  The  concrete  specimens  at  all  installations  are  subjected  to  test 
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for  fundamental  transverse  frequency  (Test  Method  CRD-C  18-59*)  at  regular 
intervals**  during  exposure,  unless  their  shape  or  size  prevents.  The 
specimen  is  supported  in  a  horizontal  position  at  the  nodes  and  caused  to 
vibrate  in  its  fundamental  flexural  mode.  The  resonant  frequency  is  ob¬ 
tained  by  observing  the  maximum  indication  on  a  suitable  meter  as  the  ap¬ 
plied  frequency  is  varied.  From  this  value  together  with  the  size,  shape, 
and  weight  of  the  specimens,  the  dynamic  modulus  of  elasticity  (E)  is  de¬ 
termined.  The  moduli  so  determined  are  expressed  as  percentages  of  the 
initial  dynamic  modulus  obtained  at  installation  ($E) .  A  specimen  is  con¬ 
sidered  as  having  failed  if  this  percentage  ($E)  drops  below  50  during  the 
exposure . 

Pulse  velocity  readings 

9.  The  concrete  specimens  at  all  installations  are  subjected  to 
pulse  velocity  tests  (Test  Method  CRD-C  51-57)  at  regular  intervals  during 
exposure,  unless  their  size  or  shape  prevents.  The  test  instrument  meas¬ 
ures  the  time  of  travel  of  a  sound  pulse  through  a  concrete  specimen. 

From  the  travel  time  and  the  path  length,  values  for  velocity  of  sound  in 
concrete  (v)  are  calculated.  The  square  of  the  velocity  thus  determined 
is  expressed  as  a  percentage  of  the  square  of  initial  velocity  obtained 
at  installation  (Jv2).  Example : 

Vq  =  velocity  of  sound  in  a  certain  specimen  at  installation. 

=  velocity  of  sound  in  this  same  specimen  at  a  later  date. 

Therefore 

p  i 

(at  time  t)  =  —r 
v 

o 

10.  Pulse  velocity  readings  on  test  specimens  are  taken  through 
various  paths  depending  upon  specimen  size,  shape,  and  type  of  specimen. 
For  example,  one  pulse  velocity  reading  is  taken  through  an  18-  by  18-  by 

36-in.  prism  from  the  center  of  one  18-  by  18-in.  face  to  the  center  of 


*  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Handbook  for  Con¬ 
crete  and  Cement,  Aug  19*+9  (with  quarterly  supplements),  Vicksburg,  Miss. 

**  The  specimens  at  St.  Augustine  were  tested  every  two  years;  the  speci¬ 
mens  at  all  other  stations  are  tested  annually. 
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the  18-  by  18-in.  face  on  the  other  end;  this  provides  a  36-in.  path.  This 
same  path  is  used,  if  possible,  each  time  the  specimen  is  tested.  A  2-ft 
cube  is  tested  by  transmitting  the  ultrasonic  pulse  from  the  center  of  one 
2-  by  2-ft  face  to  the  center  of  the  opposite  2-  by  2-ft  face.  Two  such 
readings  are  taken  for  each  2-ft  cube  (paths  normal  to  each  other)  and 
averaged  to  give  the  pulse  velocity  reading.  The  same  two  paths  are  used, 
if  possible,  each  time  the  specimen  is  tested. 

Visual  inspection 

11.  All  specimens  are  visually  inspected  periodically  at  all  exposure 
stations  to  ascertain  their  condition.  Those  specimens  not  amenable  to 
quantitative  testing  are  inspected  more  thoroughly  at  times  comparable  to 
the  testing  periods  to  determine  their  condition  and  to  permit  comparisons 
of  the  durability  of  these  specimens . 

Criteria  of  failure 

12.  Specimens  are  regarded  as  having  failed  when  they  separate  into 
pieces,  when  the  $E  is  50  or  less,  or  when  deterioration  has  progressed  to 
such  a  point  that  reliable  determinations  of  fundamental  frequency  and 
pulse  velocity  cannot  be  obtained.  Specimens  that  have  been  broken  in 
handling  are  so  listed  and  not  as  "failed." 

Specimen  size 

13.  Test  specimens  of  various  sizes  and  shapes  have  been  used  frcm 
time  to  time  as  outdoor  exposure  specimens.  In  December  1963,  however,  it 
was  specified  in  the  Handbook  for  Concrete  and  Cement*  that  specimens  for 
outdoor  exposure  ^ha.Il  be  18  in.  in  height  and  depth,  and  36  in.  in  length. 
The  l8-  by  18-  by  36-in.  prism  was  selected  instead  of  a  2-ft  cube  because 
it  (a)  afforded  a  longer  path  length  for  pulse  velocity  readings,  (b)  con¬ 
tained  less  concrete  and  therefore  weighed  less,  and  (c)  was  more  amenable 
to  tests  for  fundamental  transverse  frequency.  With  a  36- in.  path  a 
smaller  percentage  of  error  is  introduced  into  pulse  velocity  calculations 
because  of  minor  variations  in  the  measurement  of  path  length  than  with  a 
24-in.  path.  A  lighter  specimen  reduces  handling  and  shipping  costs  and  a 
specimen  with  a  length-to-width  ratio  of  2  to  1  (prism)  is  less  difficult 


*  U.  S.  Army  Engineer  Waterways  Experiment  Station,  op.  cit. 
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to  excite  in  the  fundamental  flexural  mode  than  a  specimen  with  a  length- 
to-width  ratio  of  1  to  I  (cube).  In  1968,  with  the  l8-  by  18-  by  36-in. 
prism  as  the  outdoor  exposure  specimen  and  with  enough  exposure  rack  space 
available  for  the  proper  installation  of  a  large  number  of  prisms  on  their 
nodal  points,  large  mass  concrete  specimens  were  tested  for  both  funda¬ 
mental  flexural  frequency  and  pulse  velocity  on  a  regular  basis  (see  Sec¬ 
tion  39,  Part  II )  for  the  first  time  at  Treat  Island,  Maine. 

Summary  of  Specimens 


Treat  Island  exposure 

14.  Plate  1  gives  a  summary  and  the  layout  of  the  test  specimens  in¬ 
stalled  on  the  beach  at  Treat  Island,  Maine.  The  summary  indexes  each  group 
of  specimens  on  the  beach  by  the  sqption  number  given  them  in  Part  II  of 
this  report.  Plate  2  gives  the  arrangement  of  test  specimens  on  the  expo¬ 
sure  rack  and  also  indexes  each  group  by  section  number.  Table  1  is  a  re¬ 
capitulation  of  all  specimens  exposed  at  Treat  Island  and  indexes  each 
group  by  section  number. 

St.  Augustine  exposure 

15.  Plate  3  gives  in  detail  the  arrangement  of  test  specimens  on 

the  exposure  rack  at  St.  Augustine,  Fla.,  in  November  1971  when  that  station 
was  discontinued,  and  indexes  each  group  by  section  number.  Table  2  lists 
each  group  of  test  specimens  exposed  at  St.  Augustine  and  indexes  them  by 
section  number . 
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Table  1 


Location 


Section 

Row 

Beach 

2 

Beach 

1 

Rack 

9 

Beach 

2 

Beach 

2 

Rack 

3 

Beach 

2 

Rack 

1* 

Beach 

1 

Rack 

8 

Rack 

5 

Rack 

5 

Rack 

5 

Rack 

3 

Rack 

2 

Rack 

3 

Rack 

2 

Rack 

3 

Rack 

2 

Rack 

3 

Rack 

1* 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Rack 

2 

Beach 

1 

Rack 

N  wall 

_ 

_ 

Rack 

N  wall 

— 

Rack 

N  wall 

— 

— 

Rack 

5 

— 

— 

Rack 

Top  of 
wharf 

5 

Beach 

2 

Beach 

A-l 

Beach 

2 

Reach 

2 

Beach 

A-l 

Rack 

1 

Rack 

5 

Rack 

5 

Rack 

5 

Rack 

3 

Rack 

l*  &  6 

Rack 

5 

Rack 

5 

Rack 

9 

Rack 

9 

Rack 

6 

Rack 

6 

Recapitulation  of  Specimens  Exposed  at  Treat  Island.  Maine 


_ Program  of  Investigation 

Tensile  Crack  Specimens,  Series  A 
Tensile  Crack  Specimens,  Series  B 
Stewart  Field  Spheres 
Cement-Replacement  Materials 
Investigation,  Phase  B 
Prestressed  Concrete  Program 
Prestrsssed  Concrete  Program 
Prestressed  Concrete  Program 
Cement-Replacement  Materials 
Investigation,  Phase  D 
Cement-Replacement  Materials 
Investigation,  Phase  D 
Passamaquoddy  Project 
Missouri  River  Division  Program 
Missouri  River  Division  Program 
Portland  Blast-Furnace  Slag 
Cement  Investigation 
Specimen  Size-Frost  Effects 
Investigation 

I 

Trumbull  Pond  Dam  Prisms 
Investigation  of  U-l/2-in. 

Aggregate  Concrete 
Longtime  Study,  Waterways 
Experiment  Station 
Mt.  Morris  Dam  Cores 
Air-Entraining  Admixture  Study 
Omaha  District  Aggregate  Program 
Omaha  District  Aggregate  Program 
Kansas  City  District  Aggregate 
Program  I 


Eufaula  Dam  Aggregates  Study 
Nonmetallic  Waterstop 
Investigation 


Woven  Plastic  Test  Program 
Woven  Plastic  Test  Program 
Woven  Plastic  Test  Program 
Membrane  Curing  Program 

Quality  Aggregate  Investigation 
Quality  Aggregate  Investigation 
Cement-Replacement  Materials 
Investigation,  Phase  G 
Maximum  Size  of  Coarse  Aggregate 
Program 

Maximum  Allowable  Water-Cement 
Ratio  Investigation 
Curing  Investigation 
Investigation  of  Plastic  Based 
Mortar  Coatings 
Investigation  of  Plastic  Based 
Mortar  Coatings 
Investigation  of  Plastic  Based 
Mortar  Coatings 
CERL  Fibrous  Concrete 
WES  Fibrous  Concrete 
WES  Fibrous  Concrete 
WES  Fibrous  Concrete 
Sul fur- Infiltrated  Concrete 
Sulfur-Infiltrated  Concrete 
Roller-Compacted  Concrete 
Charles  River  -  Smelt  Brook 


Specimens 


Size 

and  Kind 

No. 

Installed 

No. 

Left 

Date 

Installed 

7_ft-9-in.-long  beams 

82 

0 

Nov  1951 

7_ft-9-in.-long  beams 

76 

75 

Bov  195b 

1-ft  spheres 

2U 

12 

May  195b 

l8-  by  l8-  by  36- in.  prisms 

21 

6 

Dec  1953 

1*— 1/2—  by  9-  by  8l-in.  beams 

16 

0 

Oct  1958 

3-1/2-  by  U-l/2-  by  l6-in.  beams 

72 

57 

Oct  1958 

10-  by  l6-  by  96- in.  beams 

20 

12 

June  1961 

10-  by  20-in.  cores 

75 

21 

Oct  1958 

2- ft  cubes 

20 

U 

Oct  1958 

5-  by  5-  by  60-in.  columns 

U3 

1 

June  1936 

3-1/2-  by  4-1/2-  by  l6-in.  beams 

12 

5 

Sept  1963 

3-  by  U-l/2-  by  l6-in.  beams 

3 

2 

Nov  1965 

3-1/2-  by  1*— 1/2—  by  l6-in.  beams 

108 

66 

May  1956 

3-1/2-  by  U-l/2-  by  l6-in.  beams 

9 

9 

Dec  1968 

6-  by  6-  by  30- in.  beams 

3 

3 

Dec  1968 

2 -ft  cubes 

3 

3 

Dec  1968 

l8-  by  l8-  by  36- in.  prisms 

3 

3 

Dec  1968 

l8-  by  l8-  by  36-in.  prisms 

6 

6 

June  1972 

l8-  by  l8-  by  36- in.  prisms 

12 

5 

Dec  1968 

3-1/2-  by  U-l/2-  by  l6-in.  beams 

198 

196 

May  1955 

lO-in.-diam  by  18-in.  cores 

11 

3 

Oct  19b9 

6-  by  6-  by  30> 

-in.  prisms 

90 

13 

Nov  19bb 

6-  by  6-  by  30-in.  beams 

6 

3 

Dec  1956 

3 

0 

Nov  1961 

18 

6 

Jan  1958 

18 

1 

May  1959 

9 

5 

Nov  1962 

9 

5 

Dec  1963 

3 

3 

May  1969 

3 

3 

July  197b 

3 

3 

July  197b 

2 -ft  cubes 

3 

3 

Oct  1958 

Waterstop  pieces 

5U 

16 

May  1957 

Embedded  waterstop  pieces 

27 

0 

May  1957 

Waterstop  pieces 

30 

0 

Nov  1957 

Embedded  waterstop  pieces 

15 

0 

Nov  1957 

Waterstop  pieces 

2 

0 

Aug  1958 

Embedded  waterstop  pieces 

1 

0 

Aug  1958 

13-in.  squares 

160 

0 

Nov  1963 

13- in.  squares 

80 

0 

Apr  1967 

13- in.  squares 

22 

0 

Mar  1970 

Box  specimens 

lU 

lU 

June  19b6 

2 -ft  cubes 

10 

0 

Nov  1962 

2 -ft  cubes 

6 

2 

Dec  1963 

18-  by  18-  by 

36-in.  prisms 

2 

0 

Nov  1962 

18 

9 

Dec  1963 

2U 

12 

Dec  196b 

56 

56 

June  1968 

10-  by  10-  by  3-in.  mortar-coated 

8 

8 

July  1969 

panels 

10-  by  10-  by  3-in.  mortar -coated 

8 

8 

Nov  1969 

panels 

10-  by  10-  by  3- in.  mortar-coated 

16 

16 

Dec  1970 

panels 

3-1/2-  by  U-l/2-  by  l6-in.  beams 

30 

10 

Jan  1975 

9-  by  9-  ty  U5-in.  beams 

17 

17 

June  1975 

6-  by  6-  by  30-in.  beams 

12 

12 

June  1975 

6-  by  6-  by  36-in.  beams 

21 

21 

June  1975 

U-  by  8-in.  cylinders 

18 

18 

Aug  1976 

3-  by  6-in.  cylinders 

36 

36 

Aug  1976 

12-  by  12-  by 

36-in.  beams 

6 

6 

July  1977 

6-  by  6-  by  2U 

-in.  beams 

18 

18 

Aug  1976 

_ 

—  Dashed  lines  in  "Section”  and  "Row"  columns  Indicate  that  these  specimens  are  no  longer  on  the  exposure  rack. 


Section 
No.  in 
This  Vol 

1 

2 

3 

U 

6 

6 

6 

8 

8 

9 

10 

10 

11 

12 

12 

12 

12 

13 

lU 

17 

22 

25 

26 
26 
27 

27 

27 

27 

27 

27 

27 

28 
30 

30 

30 

30 

30 

30 

31 
31 
31 
3fc 

35 

35 

36 

37 

38 

39 
1*0 

1*0 

1*0 

5 

7 

7 

7 

15 

15 

16 

18 
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Table  2 

Recapitulation  of  Specimens  Exposed  at  St.  Augustine,  Fla. 


Specimens 

Sec. 

Program  of 
Investigation 

Size  and  Kind 

No. 

In¬ 

stalled 

No. 

Left 

Date 

In¬ 

stalled 

No. 

in  This 
Vol 

Prestressed  Concrete 
Program 

4-1/2-  by  9-  by 
8l-in.  beams 

3 

1 

Oct  1959 

6 

Portland  Blast- 
Furnace  Slag  Ce¬ 
ment  Investigation 

3-1/2-  by  4-1/2- 
by  l6-in.  beams 

108 

93 

Aug  1956 

11 

8-1/2-  by  8-1/2- 
by  12- in.  prisms 

45 

0 

Aug  1956 

11 

Longtime  Study 

Waterways  Experi¬ 
ment  Station 

3-1/2-  by  4-1/2- 
by  l6-in.  beams 

198 

195 

Aug  1955 

17 

Alkali-Aggregate 
Reactivity  In¬ 
vestigation 

6—  by  6—  30— in. 
beams 

72 

45 

Aug  1955 

29 

6-  by  6-  by  30- in. 
beams 

36 

30 

Aug  1956 

29 

National  Bureau  of 
Standards  Super¬ 
sulfate  Cement 

3-  by  4-  by  l6-in. 
beams 

27 

19 

Nov  1957 

32 

Program 


Note:  Installation  and  testing  of  specimens  at  St.  Augustine,  Fla.,  was 
discontinued  in  November  1971. 
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PART  II:  PROGRAMS  OF  INVESTIGATION 


16.  A  large  number  of  investigational  programs  are  in  progress  at 
the  exposure  stations.  These  programs  involve  varying  numbers  of  speci¬ 
mens,  installed  at  one  or  all  exposure  stations.  The  purposes  of  the  dif¬ 
ferent  programs  also  have  been  varied.  In  general,  they  have  constituted 
investigations  of  cements,  aggregates,  construction  methods,  admixtures, 
or  combinations  of  these  variables.  The  remainder  of  this  report  is  de¬ 
voted  to  a  discussion  of  these  test  programs  and  to  a  presentation  of  the 
exposure  records  of  the  test  specimens  involved. 


f 
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PART  II:  PROGRAMS  OF  INVESTIGATION 


15.  A  large  number  of  investigational  programs  are  in  progress  at 
the  exposure  stations.  These  programs  involve  varying  numbers  of  speci¬ 
mens,  installed  at  one  or  all  exposure  stations.  The  purposes  of  the  dif¬ 
ferent  programs  also  have  been  varied.  In  general,  they  have  constituted 
investigations  of  cements,  aggregates,  construction  methods,  admixtures, 
or  combinations  of  these  variables.  The  remainder  of  this  report  is  de¬ 
voted  to  a  discussion  of  these  test  programs  and  to  a  presentation  of  the 
exposure  records  of  the  test  specimens  involved. 

16.  During  the  inspection  of  the  Treat  Island  Exposure  Station  in 
July  1966,  representatives  of  the  Office,  Chief  of  Engineers,  recommended 
that  the  Treat  Island  exposure  of  test  specimens  in  the  following  13 
programs  be  discontinued  during  FY  1967  provided  the  sponsoring  agencies 
concurred. 


Section  No.  in 


Program  of  Investigation _  this  Volume 


National  Bureau  of  Standards  Program  12 
Cement  Durability  Program  13 
Rome  Air  Depot  Program  l4 
Natural  Cement  Investigation  15 
Resin' Air-entraining  Agent  Program  l6 
Long-time  Study,  Waterways  Experiment  Station  17 
Long-time  Study,  Portland  Cement  Association  18 
Syracuse  Air  Base  Beams  19 
Field  and  Laboratory  Correlation  Program  20 
Form  Lining  Investigation  21 
Vacuum  Treatment  Investigation  23 
Preplaced  Aggregate  Cores  24 
Cooperative  Study  of  Air-entrained  Concrete  33 


17.  Eleven  of  the  13  programs  listed  above  were  discontinued  in 
FY  1967.  Subsequent  correspondence  has  established  that  the  Long-time 
Study,  Waterways  Experiment  Station,  Section  17,  will  continue  active. 

The  Cement  Durability  Study,  Section  13,  was  discontinued  in  FY  1971.  Data 
will  no  longer  be  collected  from  specimens  at  St.  Augustine,  Fla. 


(Revised  Aug  1965) 


Section  1 


In  November  1951 3  82  reinforced-concrete  beams  were  installed  at 
half-tide  elevation  on  the  beach  at  Treat  Island.  The  purpose  of  this  in¬ 
stallation  is  to  determine,  for  different  types  of  reinforcing  steel,  the 
relation  between  the  degree  of  tensile  stress  in  the  steel  and  the  re¬ 
sistance  of  reinforced  concrete  to  severe  natural  weathering. 

The  beams  were  7  ft  9  in.  long  and  were  made  of  concrete  with  a 
nominal  compressive  strength  of  3500  psi  at  28  days  age.  Air-entrained 
(U-l/2  +  l/2 °lo)  and  nonair-entrained  concrete  were  used.  Seventy-four  beams 
were  reinforced  with  rail-steel  bars,  of  which  64  had  deformations  conform¬ 
ing  to  ASTM  Designation  A  305-50T,  and  the  other  10  had  old-style  deforma¬ 
tions.  Eight  beams  were  reinforced  with  billet-steel  bars  having  deforma¬ 
tions  conforming  to  ASTM  Designation  A  305-50T.  Coverage  over  the  steel 
was  either  3/4  in.  or  2  in.,  and  bars  were  placed  in  either  bottom  or  top 
position  when  the  concrete  was  placed.  Aggregates  were  a  manufactured 
limestone  sand  and  a  crushed  limestone  coarse  aggregate  (l-in.  maximum 
size).  Type  II  cement  was  used,  with  the  cement  factors  ranging  from  5»20 
(for  the  plain  concrete)  to  5*35  (for  the  air-entrained  concrete)  bags  per 
cu  yd.  The  air-entraining  agent  was  admixture  P.  The  water-cement  ratio 
(by  weight)  used  was  0.60  for  the  air-entrained  concrete  and  0.70  for  the 
plain  concrete. 

Seventy-two  beams  were  yoked  and  stressed  by  third-point  loading; 
loads  ranged  from  20,000  to  50,000  psi.  The  remaining  10  beams  were 
controls . 

Table  1-TC-A  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 


See  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Tensile  Crack 
Exposure  Tests,  by  T.  B.  Kennedy,  and  Tensile  Crack  Exposure  Tests. 

Results  of  Tests  of  Reinforced  Concrete  Beams.  1Q55-1Q6^.  by  E.  C.  Roshore, 
Technical  Memorandum  No.  6-412,  Reports  1  and  2  (Vicksburg,  Miss.,  July 
1955  and  November  1964). 


Beach  Row  ? 


1V51-195&  Readings' 


Type** 

0  Cycl 

101  Cycl 

lB6  Cycles ,  1953 

~5?7~Cycles 

442  Cycles 

'  Iff)  Cycles 

Tiominal 

Steel 

Steel 

Plain  or 

1951 

4952 

Pulse 

1954 

1955 

1956 

Beam 

Stress 

Rjsi- 

Cover 

Dcfor- 

Air-entr 

Condi- 

Condi- 

Condi- 

Veloc 

sd 

Condi- 

Condi- 

fid 

Condi- 

fid 

No. 

psi 

tion* 

in. 

station 

Concrete 

tion 

tion 

tion 

fps 

tion 

tion 

tion 

1 

20,000 

T 

3/4 

RS 

Air 

100 

93 

93 

12,345 

100 

83 

143 

76 

153 

64 

157 

2 

20,000 

T 

3/4 

RS 

Air 

100 

96 

91 

13,425 

100 

82 

129 

91 

131 

77 

135 

3 

20,000 

B 

3/4 

RS 

Air 

100 

96 

95 

14,965 

100 

89 

86 

78 

102 

69 

105 

4 

20,000 

B 

3/4 

RS 

Air 

100 

93 

85 

15,505 

100 

84 

91 

91 

95 

76 

98 

5 

30,000 

T 

3/4 

RS 

Air 

100 

93 

98 

12,120 

100 

95 

82 

92 

102 

77 

138 

6 

30,000 

T 

3/4 

RS 

Air 

100 

93 

89 

15,230 

100 

91 

60 

89 

49 

84 

107 

7 

30,000 

B 

3/4 

RS 

Air 

100 

96 

100 

12,245 

100 

91 

124 

79 

144 

47 

149 

8 

30,000 

B 

3/4 

RS 

Air 

100 

96 

95 

13,605 

100 

91 

94 

94 

116 

82 

124 

9 

40,000 

T 

3/4 

RS 

Air 

100 

89 

85 

14,600 

100 

82 

100 

94 

112 

78 

113 

10 

40,000 

T 

3A 

RS 

Air 

100 

93 

100 

13,455 

100 

92 

104 

89 

112 

76 

130 

11 

40,000 

B 

3/4 

RS 

Air 

100 

89 

85 

13,130 

100 

82 

79 

91 

7C 

70 

134 

12 

40,000 

B 

3/4 

RS 

Air 

100 

93 

98 

13,335 

100 

94 

do 

89 

113 

80 

131 

13 

50,000 

T 

3/4 

RS 

Air 

100 

96 

100 

13,575 

100 

95 

77 

36 

75 

78 

121 

14 

50,000 

T 

3/4 

RS 

Air 

100 

93 

88 

12,685 

100 

8c 

99 

126 

80 

151 

15 

50,000 

B 

3/4 

RS 

Air 

100 

93 

95 

12,000 

100 

89 

1 

56 

100 

85 

163 

16 

50,000 

B 

3/4 

RS 

Air 

100 

93 

83 

12,550 

100 

82 

02 

92 

86 

147 

17 

None 

B 

3/4 

RS 

Air 

100 

96 

90 

15,190 

100 

87 

94 

89 

104 

82 

96 

18 

Tfone 

5 

3/4 

RS 

Air 

100 

96 

100 

15,190 

100 

95 

96 

100 

99 

90 

90 

19 

20,000 

T 

3/4 

RS 

Plain 

100 

54 

25F 

10,150 

100 

20 

20,000 

B 

3/4 

RS 

Plain 

100 

26 

3F 

21 

20,000 

P 

3/4 

RS 

Plain 

xOG  , 

07 

31 

16,090 

100 

60 

__ 

F 

22 

20,000 

B 

3/4 

RS 

Plain 

100 

78 

58 

15,465 

100 

23 

— 

F 

23 

20,000 

B 

3/4 

OS 

Plain 

100 

53 

10F 

24 

20,000 

B 

3/4 

oc 

Plair. 

100 

83 

57 

13,305 

100 

F 

25 

30,000 

1 

3/4 

RS 

Plain 

100 

61 

2C 

— 

— 

F 

26 

30,000- 

3/4 

RS 

Plain 

IX 

25 

y 

27 

30,000 

B 

3/4 

RS 

Plain 

100 

36 

81 

14,390 

100 

81 

— 

F 

28 

30,000 

p 

a/-* 

RS 

Plain 

100 

83 

28 

14,020 

100 

3F 

29 

30,000 

3 

3/4 

OS 

Plain 

100 

r 

30 

30,000 

3 

3A 

OS 

Plain 

100 

75 

34 

13,795 

100 

F 

31 

40,000 

T 

3/4 

RS 

Plain 

10c 

8f 

32 

40,000 

? 

3/4 

RS 

Plain 

100 

F 

33 

40,000 

T 

3/4 

RS 

Plain 

100 

71 

68 

14,495 

100 

32 

-- 

F 

34 

40,000 

3 

3/4 

RS 

Plain 

100 

50 

27 

14,530 

100 

F 

35 

40,000 

£ 

3/4 

RS 

Plain 

100 

25 

5F 

36 

40,000 

3 

3/4 

RS 

Plain 

100 

93 

42 

13,575 

100 

F 

37 

50,000 

T 

3/4 

RS 

Plain 

100 

25 

8f 

38 

50,000 

T 

3/4 

RS 

Plain 

100 

64 

33 

12,765 

100 

F 

39 

50,000 

T 

3/4 

RS 

Plain 

100 

64 

F 

40 

50,000 

B 

3/4 

RS 

Plain 

100 

25 

F 

4l 

50,000 

3 

3/4 

RS 

Tlain 

100 

\  83 

40 

13,795 

100 

23 

F 

42 

<>0,000 

3 

3A 

RS 

Tlain 

100 

32 

22 

13,425 

100 

F 

43 

.'one 

I' 

3A 

RS 

Plain 

100 

58 

57 

15,915 

100 

35 

— 

17 

— 

F 

44 

!.one 

p 

3A 

RS 

Plain 

100 

50 

32 

12,605 

100 

17 

— 

F 

1*5 

.'one 

3 

3A 

RS 

Plain 

100 

a 

46 

10,100 

100 

20 

F 

46 

.V:  ne 

3 

j/4 

OS 

• 

Plain 

100 

64 

43 

9.315 

100 

8 

__ 

F 

47 

2^  ,000 

2 

RS 

Plain 

100 

70 

54 

11,740 

100 

20 

— 

F 

48 

,000 

RS 

Plain 

100 

50 

27 

— 

— 

F 

49 

,000 

£ 

RS 

Plain 

100 

75 

68 

13,245 

100 

23 

-- 

F 

50 

.000 

RS 

Plain 

100 

02 

46 

12,795 

100 

F 

51 

,,000 

OS 

Plain 

100 

57 

F 

52 

,000- 

or 

Plain 

100 

75 

44 

12,930 

100 

F 

53 

.ooc 

RS 

Plain 

100 

50 

29 

- ‘ 

— 

F 

54 

,000 

RS 

Plain 

100 

46 

F 

55 

.  .ooo. 

- 

RS 

Plain 

100 

75 

4l 

9,130 

100 

F 

56 

.000 

RS 

Plain 

100 

39 

F 

57 

.ooc 

OC 

Plain 

100 

87 

46 

13,605 

100 

F 

58 

ooo 

OS 

Plain 

100 

F 

59 

ooc 

i 

RS 

Plain 

100 

67 

66 

13,' 85 

100 

39 

F 

60 

-,000 

RS 

Plain 

100 

58 

46 

10,990 

100 

F 

(Continued) 

Note. 

>nd  » 

io.  rat,  in 

i,rs  are  expressed  numerically;  1, 

,e.,  100  denotes  perfect,  condition,  F  denotes 

specimen  fai’ 

:  t. 

—  .,r.she-  s  in  the  "Pulse  Veloc"  or  "%V2"  columns  indicate  that  a  pulse  velocity  reading  was  not  taken  use 
•  jy  uidit  ion  of  the  beam. 


'  »  op  of  beam.  **  RS  ■  rail  steel  with  deformations  conforming  to  ASTM  Designation  A  305-50T* 

ft  •  r  Atom  of  beam.  06  »  old  style  (does  not  meet  ASTM  Designation  A  305-50T  deformtion  requirements  . 

BS  -  billet-steel  with  deformations  conforming  to  ASTM  Designation  A  J05-5OT. 

(S  t«v  1) 


Table  1-TC-A  (Continued) 


Section  1 


Beach  Row  2 


1951-1956  Reading 

Type 

0  Cyel 

101  Cycl 

136  Cycles,  1953 

297  Cycles 

442  Cycles 

609  Cycles 

Nominal 

Steel 

Steel 

Plain  or 

1951 

1952 

Pulse 

1954 

1955 

1956 

Beam 

Stress 

Posi- 

Cover 

Defor- 

Air-entr 

Condi- 

Condi- 

Condi- 

Veloc 

Condi- 

Condi- 

Ccndi-  _ 

No. 

psl 

tion 

in. 

mation 

Concrete 

tion 

tion 

tion 

fps 

Hit 

tion 

£yf 

tion  iV 

tion 

6l 

40,000 

T 

2 

RS 

Plain 

100 

F 

62 

40,000 

B 

2 

RS 

Plain 

100 

43 

27 

9,330 

100 

F 

67 

40,000 

B 

2 

RS 

Plain 

100 

88 

64 

14,220 

100 

37 

-- 

F 

64 

40,000 

B 

2 

RS 

Plain 

100 

61 

25 

12,765 

100 

F 

65 

50,000 

T 

2 

RS 

Plain 

100 

F 

66 

50,000 

T 

2 

RS 

Plain 

100 

50 

5 

_ 

__ 

F 

67 

50,000 

T 

2 

RS 

Plain 

100 

68 

52 

13,515 

100 

42 

-- 

F 

68 

50,000 

B 

2 

RS 

Plain 

100 

87 

83 

14,150 

100 

so 

114 

F 

69 

50,000 

B 

2 

RS 

Plain 

100 

67 

58 

12,765 

100 

34 

— 

F 

70 

50,000 

B 

2 

RS 

Plain 

100 

42 

29 

10,850 

100 

23 

-- 

F 

71 

None 

T 

2 

RS 

Plain 

100 

58 

41 

12,850 

LOO 

30 

_ 

14 

F 

72 

None 

T 

2 

RS 

Plain 

100 

68 

59 

12,295 

100 

47 

— 

17 

F 

73 

None 

B 

2 

RS 

Plain 

.100 

29 

25 

10, 325 

100 

9 

— 

F 

7*» 

None 

B 

2 

OS 

Plain 

J00 

29 

23 

— 

— 

8 

— 

F 

75 

20,000 

B 

3/4 

BS 

Plain 

100 

93 

81 

13,485 

100 

30 

— 

F 

76 

20,000 

B 

3/4 

BS 

Air 

100 

96 

100 

14,780 

100 

91 

__ 

F 

77 

20,000 

B 

2 

BS 

Plain 

100 

86 

59 

13,160 

100 

31 

— 

F 

73 

20,000 

B 

2 

BS 

Air 

100 

96 

100 

14,495 

100 

94 

— 

F 

79 

30,000 

B 

3/4 

BS 

Plain 

100 

89 

40 

12,295 

100 

F 

HO 

30,000 

B 

3/4 

BS 

Air 

100 

93 

93 

11,110 

100 

87 

— 

F 

81 

30,000 

B 

2 

BS 

Plain 

100 

89 

65 

13,575 

100 

28 

_ 

F 

82 

30,000 

B 

2 

BS 

Air 

100 

93 

100 

11,930 

100 

89 

— 

F 

Beach  Row  2 

W57-1962  Readings 

753  Cycles 

324  Cycles 

971*  Cycles  1045  Cycles 

1186  Cycle .j 

1275  Cycles 

1957 

1958 

L959t  I960 

1961 

1962 

Condi- 

Condi-  p 

Condi-  p  Condi- 

Condi- 

Condi-  p 

tion  jtV 

tion  %V 

tion  i\T  tion 

tion  5&V*- 

tion  5tV 

1 

20,000 

T 

3/4 

RS-"A" 

Air 

76 

143 

70 

144 

26 

142 

26 

129 

29 

155 

27 

145 

2 

20,000 

T 

3/4 

RS-"A” 

Air 

71 

127 

65 

128 

55 

114 

55 

125 

48 

139 

50 

127 

3 

20,000 

3 

3/4 

RS-"A" 

Air 

73 

105 

79 

106 

26 

104 

26 

104 

72 

105 

30 

98 

4 

20,000 

B 

3/4 

rs-"b" 

Air 

61. 

94 

72 

95 

fcG 

91 

46 

97 

44 

99 

44 

96 

5 

30,000 

T 

3/4 

RS-"P," 

Air 

79 

152 

80 

154 

63 

147 

63 

151 

61 

158 

60 

153 

6 

30,000 

T 

3/4 

RS-"£" 

Air 

80 

92 

78 

95 

73 

81 

73 

85 

63 

102 

60 

90 

7 

30,000 

B 

3/4 

RS-"B" 

Air 

32 

150 

35 

149 

25 

137 

25 

152 

34 

157 

32 

154 

8 

30,000 

B 

3/4 

RS-"B" 

Air 

76 

117 

71 

118 

75 

107 

75 

126 

62 

112 

60 

108 

9 

40,000 

T 

3/4 

RS-"A" 

Air 

77 

108 

75 

109 

66 

102 

66 

103 

64 

105 

63 

96 

10 

40,000 

T 

3/4 

RS-"A" 

Air 

81 

— 

79 

135 

67 

126 

67 

120 

66 

120 

63 

110 

11 

40,000 

B 

3/4 

RS-"A” 

Air 

64 

126 

57 

127 

51 

108 

51 

114 

50 

lUl 

50 

120 

12 

40,000 

B 

3/4 

RS-"A" 

Air 

80 

131 

81 

126 

75 

111 

75 

118 

61 

132 

59 

112 

13 

, 

T 

3/4 

RS-"B" 

Air 

74 

115 

81 

120 

59 

113 

59 

82 

51 

127 

48 

106 

14 

50,000 

T 

3/4 

RS-"B" 

Air 

65 

140 

70 

144 

60 

94 

60 

91 

60 

129 

58 

121 

15 

50,000 

B 

3/4 

rs-"b" 

Air 

78 

169 

69 

149 

59 

104 

59 

138 

57 

13»t 

57 

118 

16 

50,000 

B 

3/4 

RS-mB" 

Air 

76 

143 

84 

139 

57 

104 

57 

144 

55 

56 

143 

17 

None 

B 

3/4 

RS-"A" 

Air 

71 

99 

74 

100 

66 

91 

tt 

18 

None 

B 

3/4 

RS-"A" 

Air 

79 

98 

73 

100 

67 

93 

67 

90 

56 

88 

54 

182 

( '  ■  0 


t  Kftrdwn  on  «ii  regaining  loaded  specimens  was  fed  .  litioi  I  theee  raainiig  specimens  is 

adjudged  ell  usl]  r  italic  •  •  Lc  expressed 

It  Exposure  t«s4  np  on  this  h  ••  .  was  discontinued  in  .January  i960,  a?  a  piece  of  steel  had  to  be  removed  from  it  for 

additional  testing.  (Shed  2) 


(Revised  August  1977) 
Table  1-TC-A  (Continued) 


Section  1 


Beach  Row  2 

1963-1967  Readings 

19o5  Cycles 


Nominal 

Steel 

Type 

Steel 

Plain  or 

1381  Cycles 
1963 

1516  Cycles 
1964 

1679  Cycles 
1965 

1809  Cycles 
1966 

Con¬ 

Be¬ 

fore 

Un¬ 

After 

Re¬ 

Beam 

Stress 

Posi¬ 

Cover 

Defor¬ 

Air-entr 

Condi¬ 

it 

Condi¬ 

si 

Condi¬ 

fid 

Condi¬ 

fid 

di¬ 

load¬ 

Not 

load¬ 

No. 

psi 

tion 

in. 

mation 

Concrete 

tion 

tion 

tion 

tion 

tion 

ing 

Loaded 

ing 

1 

20,000 

T 

3A 

RS-"A” 

Air 

29 

103 

£6 

in 

♦ 

86 

24 

*♦ 

♦ 

100 

88 

2 

20,000 

T 

3A 

RS-"A" 

Air 

1*6 

90 

44 

84 

70 

39 

89 

66 

3 

20,000 

B 

3/4 

US- "A" 

Air 

39 

70 

30 

69 

62 

28 

68 

57 

4 

20,000 

B 

3A 

RS-"A” 

Air 

16 

65 

44 

63 

46 

42 

64 

56 

5 

30,000 

T 

3A 

RS-"B" 

Air 

57 

107 

54 

103 

70 

50 

82 

57 

6 

30,000 

T 

3A 

RS- "B" 

Air 

71 

67 

60 

57 

41 

61 

47 

23 

7 

30,000 

B 

3A 

RS-"B" 

Air 

32 

104 

31 

95 

97 

31 

98 

49 

8 

30,000 

B 

3A 

RS-"B" 

Air 

59 

85 

63 

78 

52 

62 

83 

54 

9 

40,000 

T 

3/4 

RS-  "A" 

Air 

60 

91 

63 

65 

42 

62 

48 

49 

10 

40,000 

T 

3A 

RS-"A" 

Air 

67 

98 

66 

71 

52 

60 

56 

49 

11 

40,000 

B 

3A 

RS-  "A" 

Air 

51 

91 

50 

81 

57 

46 

71 

44 

12 

40,000 

B 

3A 

RS-  "A" 

Air 

61 

86 

59 

83 

60 

55 

66 

49 

13 

50,000 

T 

3A 

RS-  "B" 

Air 

48 

78 

51 

85 

57 

34 

70 

45 

14 

50,000 

T 

3A 

RS-"B" 

Air 

60 

88 

60 

90 

63 

58 

60 

19 

15 

50,000 

B 

3A 

rs-"b" 

Air 

56 

109 

58 

60 

51 

56 

82 

63 

16 

50,000 

B 

3A 

RS-  "B" 

Air 

55 

100 

55 

78 

51 

55 

78 

56 

18 

None 

B 

3A 

RS-"A” 

Air 

65 

81 

55 

66 

52 

60 

52 

♦  In  1965  end  1967  the  condition  of  specimens  was  not  rated  by  panel  of  observers 

M  Satisfactory  pulse  velocity  readings  were  not  obtained  in  1966,  1973,  and  1974  due  to  malfunction  of  testing  equipment. 
5  Channel  iron  on  all  loaded  beams  was  replaced  with  stainless  steel  channel  in  June  1967.  Pulse  velocity  readings  were 
therefore  taken  on  all  loaded  beams  before  unloading  and  after  reloading  with  stainless  steel  channel. 

#  Some  pulse  velocity  readings  obtained  in  1969  and  1970  are  not  believed  to  be  valid  due  to  the  power  limitations  of  the 
test  equipment;  these  readings  are  therefore  questionable. 

M  Unable  to  obtain  satisfactory  reading. 

It  Returned  to  laboratory. 
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Section  2 


In  November  1954,  76  reinforced-concrete  beams  were  installed  at 
half-tide  elevation  on  the  beach  at  Treat  Island.  The  purpose  of  this  in¬ 
stallation  is  to  compare  the  relative  resistance  to  weathering  of  highly 
stressed  reinforced-concrete  beams  containing  ( a)  reinforcement  bars  de¬ 
formed  to  conform  to  ASTM  Designation  A  305-50T,  and  (b)  bar's  with  old- 
style  deformations . 

The  beams  were  7  ft  9  in.  long  and  were  made  of  air-entrained  con¬ 
crete  with  a  nominal,  compressive  strength  of  3500  psi  at  28  days  age.  All 
of  the  beams  were  reinforced  with  rail-steel  bars;  the  bars  in  half  of  the 
beams  had  deformations  conforming  to  ASTM  Designation  A  305-50T,  and  those 
in  the  other  half  had  old-style  deformations.  All  steel  was  placed  with  a 
nominal  cover  of  2  in.  from  either  the  top  or  bottom  of  the  beam,  depending 
on  whether  the  bar  was  in  the  top  or  the  bottom  of  the  mold  when  the  con¬ 
crete  was  placed.  Aggregates  were  a  manufactured  limestone  sand  and  a 
crushed  limestone  coarse  aggregate  (l-in.  maximum  size).  Type  II  cement 
was  used,  with  the  cement  factors  ranging  from  5-25  to  5*38  bags  per  cu  yd. 
The  air-entraining  admixture  was  admixture  R;  the  water-cement  ratio  (by 
weight)  was  O.58;  the  air  content  ranged  from  5-0  to  7-0  per  cent. 

Sixty-four  of  the  beams  were  yoked  and  stressed  by  third-point  load¬ 
ings;  the  loads  ranged  from  20,000  to  50,000  psi.  The  remaining  12  beams 
were  controls  and  were  not  loaded. 

Table  1-TC-B  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 


See  report  to  Office,  Chief  of  Engineers,  Tensile  Crack  Exposure  Tests 
Progress  Report  -  Second  Series  of  Tests  (July  1955)- 


U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Tensile  Crack 
Exposure  Tests;  Results  of  Tests  of  Reinforced  Concrete  Beams,  1955-1963 
by  E.  C.  Roshore,  Technical  Memorandum  No.  6-412,  Report  No.  2  (Vicks- 
burg,  Miss.,  November  1964). 


(Revised  Aug  1965) 
Table  1-TC-B 


Section  2 


Record  of  Observation  and  Testing  of  Large-beam  Tensile  Crack  Specimens, 


Series  B,  195*+- _ (installed  Nov  195*0 

_ Beach  Row  1 

19$4-19$0  Readings 

SS§  3I0 


Beam 

No. 

Nominal 

Stress 

psi 

Steel 

Posi¬ 

tion* 

Type** 

Steel 

Defor¬ 

mation 

0  Cycles,  1954 

Cycles 

1-955 

Condi¬ 

tion 

Cycles 

1956 

Condi¬ 

tion 

454  Cycles, 

1957 

525 1 

Cycles, 

1958 

Condi¬ 

tion 

Pulse 

Veloc 

fps 

fid 

Condi¬ 

tion 

Max  Crack 
p  Widtht 

stir  1/1000  in. 

Condi¬ 

tion 

Max  Crack 

P  Width t 

Stir  1/1000  In. 

83 

20,000 

B 

A-305 

Sound 

10,890 

100 

100 

91 

87 

173 

10 

88 

173 

10 

81* 

20,000 

B 

A-305 

Sound 

11,150 

100 

100 

91 

88 

168 

5 

84 

170 

10 

85 

20,000 

B 

os 

Sound 

11,720 

100 

100 

90 

84 

157 

10 

83 

153 

10 

86 

20,000 

B 

OS 

Sound 

11,470 

100 

100 

87 

82 

170 

10 

84 

155 

10 

87 

20,000 

B 

A-305 

Sound 

10,640 

100 

100 

82 

74 

171 

5 

77 

183 

5 

88 

20,000 

B 

A-305 

Sound 

10,470 

100 

100 

84 

76 

175 

10 

77 

200 

10 

89 

20,000 

B 

OS 

Sound 

11,255 

100 

100 

84 

87 

162 

10 

87 

167 

10 

90 

20,000 

B 

OS 

Sound 

11,300 

100 

100 

83 

83 

160 

10 

82 

169 

10 

91 

30,000 

B 

A-305 

Sound 

11,540 

100 

93 

90 

79 

146 

10 

76 

151 

15 

92 

30,000 

B 

A-305 

Sound 

11,540 

100 

100 

90 

82 

161 

10 

81 

166 

10 

93 

30,000 

B 

OS 

Sound 

12,120 

100 

100 

87 

80 

151 

15 

80 

152 

15 

94 

30,000 

B 

OS 

Sound 

11,605 

100 

100 

87 

82 

»5 

20 

80 

169 

20 

95 

30,000 

B 

A-305 

Sound 

11,905 

100 

100 

92 

84 

154 

10 

80 

156 

10 

96 

30,000 

B 

A-305 

Sound 

11,195 

100 

100 

90 

86 

162 

10 

80 

174 

10 

97 

30,000 

B 

OS 

Sound 

11,385 

100 

100 

86 

86 

152 

15 

86 

154 

15 

98 

30,000 

B 

OS 

Sound 

11,385 

100 

100 

92 

85 

149 

20 

87 

159 

20 

99 

40,000 

B 

A-305 

Sound 

10,290 

100 

100 

88 

87 

190 

15 

84 

202 

15 

100 

40,000 

B 

A-305 

Sound 

10,435 

100 

100 

88 

87 

190 

10 

88 

188 

15 

101 

40,000 

B 

OS 

Sound 

10,400 

100 

98 

82 

82 

195 

15 

79 

191 

20 

102 

40,000 

B 

OS 

Sound 

10,455 

100 

100 

84 

82 

167 

20 

81 

203 

20 

103 

40,000 

B 

A-305 

Sound 

8,915 

100 

95 

83 

80 

228 

10 

76 

246 

20 

104 

40,000 

B 

A-305 

Sound 

8,585 

100 

94 

82 

78 

248 

25 

73 

269 

25 

105 

40,000 

B 

OS 

Sound 

9,230 

100 

100 

86 

91 

246 

10 

92 

237 

20 

106 

40,000 

B 

OS 

Sound 

9^35 

100 

100 

80 

80 

236 

25 

84 

238 

30 

107 

50,000 

B 

A-305 

Sound 

10,310 

100 

100 

86 

80 

195 

15 

80 

191 

15 

108 

50,000 

B 

A-305 

Sound 

11,385 

100 

98 

86 

77 

147 

20 

80 

156 

20 

109 

50,000 

B 

OS 

Sound 

8,915 

100 

91 

74 

72 

274 

20 

80 

273 

20 

110 

50,000 

B 

OS 

Sound 

10,170 

100 

92 

74 

73 

199 

25 

76 

201 

25 

111 

50,000 

B 

A-305 

Sound 

9,130 

100 

99 

79 

74 

251 

20 

76 

252 

25 

112 

50,000 

B 

A-305 

Sound 

9,160 

100 

100 

86 

86 

242 

20 

86 

255 

25 

113 

50,000 

B 

OS 

Sound 

8,850 

100 

93 

70 

64 

243 

25 

69 

279 

25 

114 

50,000 

B 

OS 

Sound 

8,525 

100 

100 

77 

77 

250 

30 

76 

269 

30 

115 

None 

B 

A-305 

Sound 

12,985 

100 

96 

86 

84 

115 

0 

82 

122 

0 

116 

None 

B 

A-305 

Sound 

13,015 

100 

100 

88 

84 

uo 

0 

80 

111 

0 

117 

None 

B 

A-305 

Sound 

13,245 

100 

100 

94 

93 

114 

10 

90 

116 

10 

118 

None 

B 

OS 

Sound 

13,250 

100 

98 

76 

65 

111 

0 

69 

119 

0 

119 

None 

B 

OS 

Sound 

13,130 

100 

100 

91 

90 

U9 

0 

86 

112 

0 

120 

None 

B 

OS 

Sound 

13,185 

100 

100 

88 

89 

115 

0 

85 

115 

0 

121 

20,000 

T 

A-305 

Sound 

9,600 

100 

96 

87 

80 

218 

35 

81 

234 

35 

122 

20,000 

T 

A-305 

Sound 

9,570 

100 

96 

87 

86 

237 

10 

85 

225 

20 

123 

20,000 

T 

OS 

Sound 

9,870 

100 

100 

86 

86 

205 

10 

76 

229 

10 

124 

20,000 

T 

OS 

Sound 

9,675 

100 

100 

84 

86 

216 

10 

73 

231 

15 

125 

20,000 

T 

A-305 

Sound 

12,960 

100 

100 

86 

86 

120 

15 

86 

131 

15 

126 

20,000 

T 

A-305 

Sound 

13,160 

100 

100 

79 

80 

122 

35 

87 

127 

35 

127 

20,000 

T 

OS 

Sound 

13,365 

100 

100 

94 

90 

132 

10 

93 

122 

10 

128 

20,000 

T 

OS 

Sound 

13,015 

100 

100 

92 

90 

135 

10 

92 

132 

10 

129 

30,000 

T 

A-305 

Sound 

9,755 

100 

97 

83 

75 

224 

15 

74 

227 

15 

130 

30,000 

T 

A-305 

Sound 

9,820 

100 

98 

83 

83 

230 

20 

77 

230 

20 

131 

30,000 

T 

OS 

Sound 

11,675 

100 

96 

81 

76 

136 

20 

75 

155 

25 

132 

30,000 

T 

os 

Sound 

11,675 

100 

96 

77 

76 

159 

30 

80 

150 

30 

133 

30,000 

T 

A-305 

Sound 

13,070 

100 

100 

88 

88 

115 

10 

88 

125 

10 

131* 

30,000 

T 

A-305 

Sound 

12,820 

100 

100 

88 

88 

120 

15 

87 

130 

15 

135 

30,000 

T 

OS 

Sound 

12,875 

100 

93 

87 

78 

l4i 

15 

80 

142 

20 

136 

30,000 

T 

OS 

Sound 

11,340 

100 

95 

86 

80 

158 

10 

81 

149 

15 

137 

40,000 

T 

A-305 

Sound 

10,510 

100 

91 

88 

70 

148 

20 

76 

127 

20 

(Continued) 

*  T  *  near  top  of  beam. 

B  »  near  bottom  of  beam. 

**  A- 305  «  deformation  conforming  to  ASTM  Designation  A  305-50T. 

OS  =  old  style  deformations  (does  not  meet  AS1M  Designation  A  305-50T  deformation  requirements), 
t  From  1956,  the  widths  of  cracks  in  these  specimens  were  measured  with  a  measuring 
magnifier  (least  reading  =  0.005  in.). 
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Table  1-TC-B  (Continued)  Section  2 

_  _ Beach  Row  1 

1954-1958  Readings 

1^3  310 


Beam 

No. 

Nominal 

Stress 

psi 

Steel 

Posi¬ 

tion 

Type 

Steel 

Defor¬ 

mation 

0  Cycles,  1954 

Cycles 

Condi¬ 

tion 

Cycles 

1956 

Condi¬ 

tion 

454  Cycles 

.  1937 _ 

525  Cycles, 

1258 _ 

Condi¬ 

tion 

Pulse 

Veloc 

fps 

Condi¬ 

tion 

Max  Crack 
?  Width 

ir  1/1000  in. 

Condi¬ 

tion 

Max  Crack 
Width 

<1 r  1/1000  in. 

138 

40,000 

T 

A-305 

100 

10,490 

100 

92 

89 

74 

177 

25 

78 

182 

25 

139 

40,000 

T 

OS 

100 

12,095 

100 

88 

78 

72 

132 

15 

72 

150 

15 

140 

40,000 

T 

OS 

100 

12,225 

100 

90 

76 

71 

129 

15 

74 

148 

15 

l4l 

40,000 

T 

A-305 

100 

9,275 

100 

99 

84 

78 

249 

15 

70 

241 

20 

142 

40,000 

T 

A-305 

100 

9,570 

100 

100 

85 

76 

228 

15 

78 

227 

20 

143 

40,000 

T 

OS 

100 

9,375 

100 

94 

82 

76 

224 

25 

84 

234 

25 

144 

40,000 

T 

OS 

100 

9,390 

100 

95 

86 

84 

231 

40 

84 

238 

40 

145 

50,000 

T 

A-305 

100 

9,435 

100 

96 

82 

82 

243 

40 

84 

253 

4o 

146 

50,000 

T 

A-305 

100 

9,345 

100 

94 

81 

78 

238 

30 

81 

255 

30 

147 

50,000 

T 

OS 

100 

8,970 

100 

86 

66 

68 

272 

85 

72 

249 

85 

148 

50,000 

T 

OS 

100 

8,900 

100 

82 

67 

67 

260 

75 

70 

260 

75 

149 

50,000 

T 

A-305 

100 

9,105 

100 

99 

83 

78 

225 

4o 

88 

235 

40 

150 

50,000 

T 

A-305 

100 

9,175 

100 

100 

82 

82 

235 

25 

86 

259 

30 

151 

50,000 

T 

OS 

100 

11,130 

100 

92 

80 

76 

180 

15 

72 

164 

15 

152 

50,000 

T 

OS 

100 

10,655 

100 

88 

-  78 

72 

195 

25 

74 

181 

25 

153 

None 

T 

A-305 

100 

12,475 

100 

94 

86 

74 

120 

0 

72 

121 

0 

154 

None 

T 

A-305 

100 

12,795 

100 

100 

92 

87 

117 

0 

88 

132 

0 

155 

None 

T 

A-305 

100 

12,875 

100 

100 

90 

86 

115 

0 

80 

120 

0 

156 

None 

T 

OS 

100 

13,045 

100 

100 

91 

90 

120 

0 

82 

118 

0 

157 

None 

T 

OS 

100 

12,630 

100 

98 

86 

80 

120 

0 

75 

124 

0 

158 

None 

T 

OS 

100 

12,710 

100 

99 

78 

61 

120 

10 

70 

119 

15 

Beach  Row  1 


1959-1961  Readings 


675  Cycles 

,  1959 

- tST 

Cycles, 

I960 

ddj  Cycles, 

1961 

Condi-  „ 

tion 

Max  Crack 
Width 
l/lOOO  in. 

Condi¬ 

tions 

ad 

Max  Crack 
Width 

1/1000  in. 

Condi-  P 

tion  *\r 

Max  Crack 
Width 
l/lOOO  in. 

83 

20,000 

B 

A-305 

84 

l6l 

15 

84 

180 

10 

75 

192 

10 

84 

20,000 

B 

A-305 

86 

161 

20 

86 

159 

10 

77 

179 

10 

85 

20,000 

B 

OS 

91 

143 

15 

91 

158 

10 

79 

146 

10 

86 

20,000 

B 

OS 

82 

150 

15 

82 

137 

10 

68 

172 

10 

87 

20,000 

B 

A-305 

72 

176 

15 

72 

128 

10 

61 

187 

10 

88 

20,000 

B 

a-305 

73 

181 

10 

73 

133 

10 

68 

174 

10 

89 

20,000 

B 

OS 

86 

160 

15 

86 

152 

10 

73 

153 

10 

90 

20,000 

B 

OS 

78 

158 

10 

78 

147 

10 

74 

151 

10 

91 

30,000 

B 

a-305 

80 

140 

15 

80 

107 

10 

71 

155 

10 

92 

30,000 

B 

A-305 

82 

154 

10 

82 

162 

10 

67 

159 

10 

93 

30,000 

B 

OS 

80 

152 

30 

80 

108 

20 

71 

151 

15 

94 

30,000 

B 

OS 

75 

158 

25 

75 

113 

30 

69 

158 

25 

95 

30,000 

B 

A-305 

85 

144 

25 

85 

142 

15 

79 

159 

10 

96 

30,000 

B 

A-305 

85 

162 

20 

85 

167 

15 

69 

168 

15 

97 

30,000 

B 

OS 

78 

147 

20 

78 

133 

10 

65 

168 

10 

98 

30,000 

B 

OS 

78 

145 

20 

78 

151 

15 

63 

164 

10 

99 

40,000 

B 

A-305 

77 

189 

25 

77 

174 

15 

62 

215 

15 

100 

40,00 

B 

A-305 

78 

179 

25 

78 

167 

15 

70 

205 

10 

101 

40,000 

B 

OS 

70 

181 

35 

70 

135 

30 

65 

177 

25 

102 

40,000 

B 

OS 

68 

188 

45 

68 

137 

20 

67 

190 

15 

103 

40,000 

B 

a-305 

72 

233 

25 

72 

197 

1? 

61 

224 

15 

104 

40,000 

B 

A-305 

66 

250 

25 

66 

267 

20 

65 

243 

20 

105 

40,000 

B 

OS 

86 

224 

20 

86 

165 

15 

72 

219 

15 

106 

40,000 

B 

OS 

66 

223 

20 

66 

158 

15 

56 

253 

15 

107 

50,000 

B 

A-305 

68 

180 

20 

68 

132 

15 

53 

199 

15 

108 

50,000 

B 

A-305 

75 

146 

25 

75 

107 

20 

58 

145 

15 

109 

50,000 

B 

OS 

68 

254 

35 

68 

228 

25 

67 

221 

25 

110 

50,000 

B 

OS 

57 

192 

35 

57 

169 

30 

56 

191 

25 

111 

50,000 

B 

A-305 

59 

243 

30 

59 

167 

20 

58 

226 

20 

112 

50,000 

B 

a-305 

77 

237 

30 

77 

168 

20 

66 

228 

15 

Q 


(Continued) 


ft  Hardware  was  replaced  on  all  loaded  specimens  in  May  1959.  The  condition  of  these  specimens  is  adjudged  either 
annually  or  biennially  by  a  panel  of  observers  during  the  formed,  inspection,  and  is  expressed  numerically,  i.e. 
100  denotes  perfect  condition.  (Sheet  2) 
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Table  1-TC-B  (Continued) 

Section  2 

Beach  Row  1 

1959- 

1961  Readings 

Type 

675  Cycles 

1959 

746 

Cycles 

I960 

887  Cycles 

7i95i 

Nominal 

Steel 

Steel 

Max  Crack 

Max  Crack 

Max  Crack 

Beam 

Stress 

Posi¬ 

Defor¬ 

Condi¬ 

Width 

Condi¬ 

Width 

Condi¬ 

Width 

Wo. 

psi 

tion 

mation 

tion 

if 

1/1000  In. 

tion 

if 

l/lOOO  In. 

tion 

if 

1/1000  in. 

113 

50,000 

B 

OS 

62 

238 

30 

62 

173 

25 

50 

229 

20 

114 

50,000 

B 

OS 

64 

255 

35 

64 

192 

25 

54 

265 

20 

115 

None 

B 

A-305 

78 

113 

0 

78 

112 

0 

69 

131 

0 

ll6 

None 

B 

A-305 

80 

107 

0 

80 

114 

0 

74 

115 

5 

117 

None 

B 

A-305 

80 

105 

20 

80 

109 

10 

68 

117 

10 

118 

None 

B 

OS 

55 

111 

0 

55 

112 

0 

46 

104 

0 

119 

None 

B 

OS 

70 

104 

0 

70 

111 

0 

67 

123 

0 

120 

None 

B 

OS 

59 

105 

0 

59 

112 

0 

59 

119 

0 

121 

20,000 

T 

A-305 

80 

221 

15 

80 

165 

10 

77 

230 

10 

122 

20,000 

T 

A-305 

82 

213 

15 

82 

156 

10 

70 

226 

10 

123 

20,000 

T 

OS 

77 

216 

20 

77 

158 

10 

61 

231 

10 

124 

20,000 

T 

os 

82 

21T 

20 

82 

196 

15 

65 

230 

10 

125 

20,000 

T 

A-305 

70 

124 

20 

70 

89 

10 

68 

124 

10 

126 

20,000 

T 

A-305 

77 

118 

10 

77 

84 

10 

77 

120 

10 

127 

20,000 

T 

OS 

86 

121 

15 

86 

130 

10 

75 

137 

10 

128 

20,000 

T 

OS 

82 

120 

20 

82 

133 

10 

75 

132 

10 

129 

30,000 

T 

A-305 

65 

214 

15 

65 

135 

10 

55 

159 

10 

130 

30,000 

T 

A-305 

81 

213 

•  15 

81 

202 

10 

66 

164 

10 

131 

30,000 

T 

OS 

75 

144 

15 

75 

114 

15 

75 

142 

15 

132 

30,000 

T 

OS 

72 

147 

25 

72 

115 

20 

61 

145 

15 

133 

30,000 

T 

A-305 

77 

119 

20 

77 

118 

15 

63 

121 

10 

134 

30,000 

T 

A-305 

78 

122 

25 

78 

133 

15 

66 

121 

10 

135 

30,000 

T 

OS 

73 

134 

30 

73 

96 

20 

66 

121 

10 

136 

30,000 

T 

OS 

77 

148 

25 

77 

112 

20 

66 

149 

15 

137 

40,000 

T 

A-305 

64 

173 

25 

64 

164 

20 

51 

167 

20 

138 

40,000 

T 

A-305 

68 

171 

40 

68 

183 

30 

57 

194 

25 

139 

40,000 

T 

OS 

75 

139 

35 

75 

145 

20 

69 

129 

15 

140 

40,000 

T 

OS 

70 

136 

30 

70 

149 

15 

69 

145 

15 

l4l 

40,000 

T 

A-305 

68 

231 

25 

68 

218 

25 

55 

267 

20 

142 

40,000 

T 

A-305 

73 

228 

20 

73 

193 

15 

60 

220 

15 

143 

40,000 

T 

OS 

66 

223 

20 

66 

169 

15 

65 

225 

15 

144 

40,000 

T 

OS 

75 

226 

25 

75 

171 

20 

63 

209 

20 

145 

50,000 

T 

A-305 

70 

236 

25 

70 

170 

20 

71 

224 

15 

146 

50,000 

T 

A-305 

64 

235 

30 

64 

173 

20 

55 

237 

15 

147 

50,000 

T 

OS 

61 

232 

105 

61 

221 

100 

59 

271 

90 

148 

50,000 

T 

OS 

64 

242 

110 

64 

258 

90 

64 

268 

85 

149 

50,000 

T 

A-305 

70 

228 

30 

70 

164 

15 

70 

224 

20 

150 

50,000 

T 

A-305 

66 

240 

35 

66 

165 

25 

67 

224 

15 

151 

50,000 

T 

OS 

68 

155 

30 

68 

170 

25 

60 

156 

25 

152 

50,000 

T 

OS 

61 

173 

35 

61 

197 

30 

55 

179 

25 

153 

None 

T 

A-305 

55 

116 

0 

55 

123 

0 

51 

128 

0 

154 

None 

T 

A-305 

80 

114 

0 

80 

123 

0 

77 

115 

0 

155 

None 

T 

A-305 

77 

116 

0 

77 

106 

0 

72 

136 

0 

156 

None 

T 

OS 

88 

ill 

0 

88 

117 

0 

82 

125 

0 

157 

None 

T 

OS 

70 

115 

0 

70 

123 

0 

67 

131 

0 

158 

None 

T 

OS 

54 

117 

20 

54 

125 

15 

53 

123 

10 

Beach  Row  1 

1962-1964  Readings 

976  Cycles.  1962 

1082  Cycles,  1963  1217  Cycles.  1964 

Condi-  2 

tion  #r 

Max  Crack 
Width 
1/1000  in. 

Max  Crack  Max  Crack 

Condi-  2  Width  Condi-  ?  Width 

tlon  iir  1/1000  In.  Won  *\T  1/1000  In. 

83 

20,000 

B 

A-305 

68 

192 

10 

80 

131 

20 

68 

118 

15 

84 

20,000 

B 

A-305 

75 

174 

10 

82 

126 

20 

70 

116 

15 

85 

20,000 

B 

os 

77 

162 

15 

87 

101 

30 

74 

107 

20 

86 

20,000 

B 

OS 

73 

159 

10 

80 

112 

25 

67 

103 

20 

87 

20,000 

B 

A-305 

58 

174 

10 

72 

127 

20 

58 

127 

10 

88 

20,000 

B 

A-305 

a 

184 

10 

a 

137 

10 

52 

130 

10 

89 

20,000 

B 

OS 

71 

173 

10 

86 

114 

20 

72 

121 

15 

90 

20,000 

B 

OS 

67 

171 

10 

66 

100 

20 

66 

115 

15 

91 

30,000 

B 

A-305 

71 

143 

15 

70 

112 

30 

70 

100 

25 

92 

30,000 

B 

A-305 

67 

150 

15 

66 

108 

35 

72 

106 

20 

(Continued) 


(Sheet  3) 


(Revised  Aug  1965) 
Table  1-TC-B  (Continued) 


Section  2 


Beach  Row  1 


lfX 2- 1964  Readings 


Beam 

No. 

Nominal 

Stress 

psi 

Steel 

Posi¬ 

tion 

Type 

Steel 

Defor¬ 

mation 

976  Cycles 

;,  1962 

1082  Cycles 

i,  1963 

1217  Cycles ,  1964 

Condi¬ 

tion 

gvf 

Max  Crack 
Width 
l/lOOO  in. 

Condi¬ 

tion 

Max  Crack 
Width 
l/lOOO  in. 

Condi¬ 

tion 

■&V2 

Max  Crack 
Width 
1/1000  in. 

93 

30,000 

B 

OS 

71 

136 

20 

70 

106 

bO 

70 

91 

30 

94 

30,000 

B 

OS 

<59 

163 

25 

69 

133 

bO 

69 

109 

30 

95 

30,000 

B 

A-305 

79 

148 

15 

94 

105 

30 

76 

100 

20 

96 

30,000 

B 

A-305 

69 

162 

20 

81 

120 

35 

69 

107 

25 

9T 

30,000 

B 

OS 

64 

147 

10 

64 

109 

30 

65 

60 

25 

98 

30,000 

B 

OS 

6b 

154 

15 

63 

111 

25 

63 

105 

25 

99 

4o,ooo 

B 

A-305 

62 

180 

15 

62 

136 

30 

62 

83 

20 

100 

40,000 

B 

A-305 

64 

212 

15 

75 

143 

25 

64 

132 

15 

101 

40,000 

B 

OS 

64 

184 

25 

62 

136 

30 

65 

122 

25 

102 

40,000 

B 

OS 

67 

206 

20 

66 

143 

35 

67 

127 

30 

103 

40,000 

B 

A-305 

59 

210 

15 

72 

143 

40 

a 

174 

30 

104 

40,000 

B 

A-305 

66 

258 

25 

77 

154 

50 

197 

35 

105 

40,000 

B 

OS 

72 

258 

20 

72 

145 

30 

72 

169 

20 

106 

40,000 

B 

OS 

56 

244 

15 

66 

139 

30 

56 

165 

30 

10? 

50,000 

B 

A-305 

54 

194 

15 

53 

131 

30 

53 

138 

25 

108 

50,000 

B 

A-305 

59 

134 

15 

57 

107 

30 

58 

110 

30 

109 

50,000 

B 

03 

68 

192 

25 

68 

183 

50 

67 

175 

50 

110 

50,000 

B 

OS 

55 

197 

25 

55 

148 

45 

56 

140 

50 

111 

50,000 

P 

A-305 

58 

256 

25 

57 

163 

50 

58 

177 

30 

112 

50,000 

B 

A-305 

66 

267 

15 

65 

159 

30 

65 

177 

25 

113 

50,000 

B 

OS 

49 

204 

15 

1,9 

170 

30 

50 

177 

25 

114 

50,000 

B 

OS 

54 

285 

20 

54 

183 

35 

54 

194 

35 

115 

None 

B 

A-305 

66 

113 

0 

78 

93 

0 

64 

93 

0 

116 

None 

B 

A-305 

70 

112 

5 

80 

76 

15 

80 

89 

10 

11T 

None 

B 

A-305 

73 

120 

10 

67 

76 

30 

68 

93 

30 

118 

None 

B 

OS 

44 

96 

0 

55 

76 

0 

44 

84 

0 

119 

None 

B 

OS 

58 

124 

0 

70 

7b 

0 

58 

97 

0 

120 

None 

B 

03 

58 

114 

0 

70 

so 

0 

57 

98 

0 

121 

20,000 

T 

A-305 

7b 

236 

10 

87 

156 

10 

80 

159 

10 

122 

20,000 

T 

A-305 

69 

227 

10 

82 

140 

10 

75 

151 

20 

123 

20,000 

T 

03 

61 

238 

10 

72 

139 

20 

72 

154 

25 

124 

20,000 

T 

03 

65 

229 

10 

77 

148 

25 

65 

148 

20 

125 

20,000 

T 

A-305 

6b 

134 

10 

70 

82 

10 

64 

82 

5 

126 

20,000 

T 

A-305 

77 

115 

10 

90 

77 

20 

77 

88 

10 

127 

20,000 

T 

03 

80 

130 

10 

82 

87 

20 

82 

77 

20 

128 

20,000 

T 

OS 

70 

138 

10 

69 

90 

20 

70 

87 

20 

129 

30,000 

T 

A-305 

55 

225 

10 

65 

137 

20 

55 

154 

15 

130 

30,000 

T 

A-305 

66 

228 

15 

55 

119 

30 

66 

155 

25 

131 

30,000 

T 

OS 

7b 

133 

15 

74 

83 

40 

74 

108 

40 

132 

30,000 

T 

03 

6l 

l*t3 

10 

61 

84 

20 

61 

108 

35 

133 

30,000 

T 

A-305 

63 

125 

10 

7b 

85 

20 

63 

88 

20 

13k 

30,000 

T 

A-305 

66 

128 

10 

66 

87 

20 

66 

86 

20 

135 

30,000 

T 

OS 

62 

131 

15 

73 

77 

30 

67 

89 

15 

136 

30,000 

T 

OS 

66 

159 

15 

77 

104 

20 

66 

114 

20 

137 

40,000 

T 

A-305 

51 

15U 

20 

51 

130 

40 

51 

112 

35 

138 

40,000 

T 

A-305 

57 

167 

20 

57 

132 

40 

57 

108 

40 

139 

40,000 

T 

OS 

67 

139 

15 

69 

98 

30 

68 

97 

20 

l4o 

40,000 

T 

03 

69 

140 

10 

(9 

100 

30 

69 

87 

25 

mi 

40,000 

T 

A-305 

55 

247 

15 

55 

155 

35 

55 

165 

35 

142 

40,000 

T 

A-305 

63 

218 

15 

59 

150 

30 

60 

174 

30 

l1*  3 

40,000 

T 

OS 

65 

236 

15 

65 

152 

35 

66 

167 

35 

144 

40,000 

T 

OS 

6b 

226 

15 

75 

152 

40 

63 

148 

35 

145 

50,000 

T 

A-305 

71 

257 

25 

70 

176 

bo 

70 

160 

40 

146 

50,000 

T 

A-305 

55 

175 

20 

61. 

165 

bo 

54 

168 

40 

147 

50,000 

T 

03 

60 

266 

100 

59 

177 

180 

6c 

173 

160 

148 

50,000 

T 

OS 

64 

278 

90 

63 

175 

l4o 

64 

175 

125 

149 

50,000 

T 

A-305 

70 

170 

20 

70 

167 

4o 

70 

164 

40 

150 

50,000 

T 

A-305 

67 

248 

20 

66 

171 

4o 

67 

164 

50 

151 

50,000 

T 

OS 

60 

176 

25 

59 

120 

50 

60 

119 

50 

152 

50,000 

T 

03 

54 

195 

25 

54 

125 

55 

54 

128 

50 

O 


-  -  -  —  — 


(Continued) 


(Sheet  4) 


(Revised  Sept  1968) 
Table  1-TC-B  (Continued) 


Section  2 


Con¬ 

di¬ 

tion 


83 

20,000 

B 

A-305 

84 

20,000 

B 

A-305 

85 

20,000 

B 

OS 

86 

20,000 

B 

OS 

87 

20,000 

B 

A-305 

88 

20,000 

B 

A-305 

89 

20,000 

B 

OS 

90 

20,000 

B 

OS 

91 

30,000 

B 

A-305 

92 

30,000 

B 

A-305 

93 

30,000 

B 

OS 

oil 

30,000 

B 

OS 

95 

30,000 

B 

A-305 

96 

30,000 

B 

A-305 

97 

30,000 

B 

OS 

98 

30,000 

B 

OS 

99 

40,000 

B 

A-305 

100 

40,000 

B 

A-305 

101 

40,000 

B 

OS 

102 

40,000 

B 

OS 

103 

40,000 

B 

A-305 

10b 

40,000 

B 

A-305 

105 

40,000 

B 

OS 

106 

40,000 

B 

OS 

107 

50,000 

B 

A-305 

108 

50,000 

B 

A-305 

109 

50,000 

B 

OS 

110 

50,000 

B 

OS 

111 

50,000 

B 

A-305 

112 

50,000 

B 

A-305 

113 

50,000 

B 

OS 

114 

50,000 

B 

OS 

115 

None 

B 

A-305 

116 

None 

B 

A-305 

117 

None 

B 

A-305 

118 

None 

B 

OS 

119 

None 

B 

OS 

120 

None 

B 

OS 

121 

20,000 

T 

A-305 

122 

20,000 

T 

A-305 

123 

20,000 

T 

OS 

124 

20,000 

T 

OS 

125 

20,000 

T 

A-305 

126 

20,000 

T 

A-305 

127 

20,000 

T 

OS 

128 

20,000 

T 

OS 

129 

30,000 

T 

A-305 

130 

^0,000 

T 

A-  30* 

131 

30,000 

T 

OS 

132 

30,000 

T 

OS 

Width 

Con¬ 

Width 

Con¬ 

Before 

Re¬ 

Before 

Re- 

1/1000 

di¬ 

1/1000 

di¬ 

Unload¬ 

Not 

load¬ 

Unload¬ 

Not 

load- 

in. 

tion 

in. 

tion 

ing 

Loaded 

ing 

ing^ 

Loaded 

ing 

93 

5 

65 

** 

10 

* 

116 

99 

10 

10 

90 

10 

70 

15 

93 

llo 

15 

15 

65 

10 

72 

10 

85 

58 

10 

10 

83 

15 

66 

15 

83 

56 

15 

20 

104 

10 

52 

15 

125 

95 

15 

15 

120 

5 

50 

5 

97 

64 

5 

10 

109 

5 

69 

5 

92 

66 

5 

15 

102 

10 

66 

10 

108 

88 

10 

10 

65 

15 

70 

15 

83 

54 

15 

20 

67 

15 

78 

15 

83 

60 

15 

25 

69 

20 

68 

25 

95 

81 

25 

40 

62 

25 

64 

35 

86 

110 

35 

50 

74 

15 

72 

20 

100 

85 

25 

30 

104 

15 

68 

25 

111 

57 

25 

25 

71 

20 

62 

20 

84 

61 

20 

30 

70 

20 

63 

25 

85 

64 

20 

35 

94 

20 

62 

30 

106 

75 

25 

30 

94 

15 

64 

30 

106 

83 

30 

30 

84 

35 

62 

50 

86 

74 

50 

55 

79 

30 

65 

50 

98 

80 

45 

50 

138 

30 

52 

35 

117 

93 

35 

40 

148 

25 

65 

30 

137 

114 

30 

45 

120 

20 

71 

30 

139 

96 

30 

35 

113 

20 

56 

30 

154 

123 

25 

35 

110 

25 

52 

30 

129 

90 

25 

35 

77 

25 

58 

25 

105 

57 

25 

30 

97 

40 

66 

45 

166 

105 

45 

55 

96 

40 

55 

40 

128 

111 

45 

50 

104 

30 

54 

30 

170 

90 

25 

40 

143 

25 

63 

30 

127 

86 

25 

35 

147 

20 

49 

30 

119 

97 

35 

45 

177 

25 

53 

<40 

172 

144 

40 

55 

76 

0 

60 

0 

73 

0 

83 

10 

65 

10 

50 

10 

60 

20 

68 

10 

69 

10 

84 

0 

41 

0 

69 

0 

59 

0 

52 

0 

71 

0 

64 

0 

54 

0 

68 

0 

113 

10 

87 

15 

147 

113 

15 

15 

136 

10 

82 

10 

129 

143 

10 

15 

136 

15 

72 

15 

l4l 

83 

15 

30 

143 

10 

71 

15 

144 

97 

15 

25 

79 

5 

64 

5 

84 

53 

5 

10 

82 

5 

77 

10 

82 

62 

10 

10 

64 

5 

82 

5 

65 

64 

5 

10 

66 

5 

70 

10 

69 

B7 

5 

5 

136 

15 

65 

20 

117 

77 

15 

15 

10b 

20 

77 

20 

132 

79 

15 

25 

71 

30 

74 

45 

60 

48 

45 

50 

83 

30 

61 

30 

86 

56 

30 

40 

(Continued) 

<  In  1965  and  1967  the  condition  of  specimens  was  not  rated  by  panel  of  observers.  (Sheet  ' 

>«  Satisfactory  pulse  velocity  readings  were  not  obtained  In  1966  due  to  malfunction  of  testing  equipment. 

5  Channel  Iron  on  all  loaded  beams  wan  replaced  with  stainless  steel  channel  in  June  1967.  Readings  were  therefore  taken 
on  all  loaded  beams  before  unloading  and  after  reloading  with  stainless  steel  channel. 


(Revised  Jan  1973) 


Table  1-TC-B  (Continued) 


Section  2 


Beach  Row  1 


1360 

Cycles 

i,  1965 

1510  Cycles 

i,  i?66 

^v2 

1/1000  in. 

Max 

Max 

Type 

Crack 

Crack 

After 

After 

Nominal  Steel 

Steel 

Con¬ 

Width 

Con- 

Width 

Con¬ 

Before 

Re¬ 

Before 

Re¬ 

Beam 

Stress  Posi- 

Defor¬ 

di¬ 

.  0 

1A000 

di-  p 

1/1000 

di¬ 

Unload¬ 

Not 

load¬ 

Unload 

Not 

load¬ 

No. 

psi  tion 

mation 

tion 

for 

in. 

tion  *V 

in. 

tion 

ing? 

Loaded 

ing 

ing? 

Loaded 

ing 

133 

30,000  T 

A-305 

♦ 

59 

15 

63  ♦* 

15 

♦ 

82 

52 

10 

15 

131* 

30,000  T 

A- 305 

83 

15 

72 

20 

84 

68 

10 

15 

135 

30,000  T 

OS 

75 

15 

67 

25 

65 

44 

30 

30 

136 

30,000  T 

OS 

89 

25 

65 

30 

79 

58 

30 

35 

137 

40,000  T 

A-305 

73 

40 

51 

55 

91 

72 

55 

70 

138 

40,000  T 

A-305 

83 

40 

57 

50 

98 

97 

50 

75 

139 

40,000  T 

OS 

57 

20 

67 

30 

70 

61 

30 

35 

11*0 

40,000  T 

OS 

70 

20 

69 

35 

74 

56 

30 

35 

l4l 

40,000  T 

A-305 

106 

30 

55 

30 

155 

93 

30 

45 

142 

40,000  T 

A-305 

116 

30 

59 

35 

135 

93 

35 

40 

143 

40,000  T 

OS 

143 

25 

65 

25 

119 

111 

25 

30 

144 

40,000  T 

OS 

118 

35 

62 

45 

109 

95 

45 

60 

145 

50,000  T 

A-305 

139 

30 

70 

45 

103 

88 

45 

70 

146 

50,000  T 

A-305 

120 

30 

53 

35 

114 

76 

30 

45 

147 

50,000  T 

OS 

98 

100 

59 

125 

162 

98 

115 

125 

148 

50,000  T 

OS 

116 

85 

64 

100 

157 

137 

100 

120 

149 

50,000  T 

A-305 

147 

35 

69 

50 

124 

60 

45 

50 

150 

50,000  T 

A-305 

150 

40 

65 

40 

145 

65 

35 

50 

151 

50,000  T 

OS 

71 

35 

57 

35 

111 

64 

35 

45 

152 

50,000  T 

OS 

82 

35 

54 

45 

102 

70 

40 

45 

153 

None  T 

A-305 

96 

0 

44 

0 

74 

0 

154 

None  T 

A-305 

75 

0 

67 

0 

73 

0 

155 

None  T 

A-305 

67 

0 

77 

0 

70 

0 

156 

None  T 

OS 

74 

0 

66 

0 

69 

0 

157 

None  T 

OS 

64 

0 

60 

0 

87 

0 

158 

None  T 

OS 

53 

15 

52 

10 

68 

10 

Beach  Row  1 


Crack  Crack  Crack  Crack  Crack 


Con¬ 

Width 

Con¬ 

Width 

Con¬ 

Width 

Con¬ 

Width 

Con¬ 

Width 

di¬ 

fid 

1/1000 

di¬ 

Jvj » 

1/1000 

di¬ 

1/1000 

di¬ 

il 

1/1000 

di¬ 

1/1000 

83 

tion 

in. 

tion 

in. 

tion 

in. 

tion 

in. 

tion 

fid 

in. 

20,000 

B 

A-305 

65 

116 

15 

62 

Uo 

15 

59 

69 

15 

60 

62 

15 

59 

46 

10 

84 

20,000 

B 

A-305 

68 

95 

15 

68 

37 

20 

67 

71 

20 

66 

51 

15 

64 

43 

10 

85 

20,000 

B 

OS 

72 

61 

20 

72 

28 

20 

71 

53 

25 

70 

51 

25 

69 

38 

25 

86 

20,000 

B 

OS 

66 

84 

15 

66 

35 

20 

64 

57 

20 

64 

55 

25 

65 

36 

25 

87 

20,000 

B 

A-305 

52 

93 

20 

53 

4l 

25 

52 

63 

25 

47 

58 

30 

47 

48 

25 

88 

20,000 

B 

A-305 

50 

84 

20 

54 

44 

25 

59 

70 

25 

51 

68 

20 

51 

39 

25 

89 

20,000 

B 

OS 

69 

75 

20 

67 

42 

20 

68 

73 

20 

68 

67 

25 

66 

53 

30 

90 

20,000 

B 

OS 

63 

104 

10 

64 

37 

15 

65 

61 

25 

62 

58 

30 

60 

42 

30 

91 

30,000 

B 

A-305 

70 

85 

20 

70 

35 

20 

70 

56 

25 

69 

53 

25 

69 

38 

20 

92 

30,000 

B 

A-305 

76 

66 

20 

67 

35 

20 

67 

55 

20 

66 

51 

25 

67 

37 

20 

93 

30,000 

B 

OS 

68 

53 

40 

66 

32 

40 

64 

51 

40 

64 

49 

40 

62 

36 

25 

94 

30,000 

B 

OS 

64 

78 

50 

66 

35 

50 

67 

60 

55 

68 

55 

55 

65 

35 

50 

95 

30,000 

B 

A-305 

72 

100 

35 

72 

34 

35 

68 

53 

40 

68 

50 

35 

68 

36 

25 

96 

30,000 

B 

A-305 

68 

109 

30 

67 

41 

35 

66 

68 

35 

65 

59 

30 

66 

45 

20 

97 

30,000 

B 

OS 

62 

76 

30 

64 

34 

35 

61 

61 

35 

61 

56 

35 

62 

37 

40 

98 

30,000 

B 

OS 

63 

87 

30 

62 

34 

30 

62 

58 

35 

61 

54 

40 

62 

36 

40 

'99 

40,000 

B 

A-305 

62 

no 

35 

60 

70 

35 

59 

58 

35 

59 

53 

40 

59 

37 

40 

100 

40,000 

B 

A-305 

64 

75 

30 

63 

37 

30 

60 

60 

35 

57 

52 

35 

58 

37 

35 

101 

40,000 

B 

OS 

62 

86 

60 

61 

39 

70 

61 

59 

70 

61 

52 

75 

60 

40 

75 

102 

40,000 

B 

OS 

65 

98 

50 

64 

33 

50 

64 

50 

55 

62 

49 

60 

64 

42 

60 

103 

40,000 

A-305 

51 

79 

45 

53 

50 

50 

53 

75 

50 

51 

71 

55 

52 

58 

50 

104 

40,000 

B 

A-305 

65 

99 

45 

62 

52 

50 

62 

79 

50 

59 

76 

50 

55 

77 

50 

105 

40,000 

B 

OS 

71 

111 

45 

71 

56 

45 

68 

87 

45 

67 

84 

50 

70 

90 

4o 

106 

40,000 

B 

OS 

54 

81 

50 

54 

46 

55 

54 

73 

55 

54 

67 

50 

52 

79 

50 

107 

50,000 

B 

A-305 

52 

92 

40 

52 

33 

45 

52 

54 

45 

52 

52 

50 

52 

44 

40 

•  In  1965  and  1967  the  condition  of  specimens  was  not  rated  by  panel  of  observers.  (Sheet  6) 

M  Satisfactory  pulse  velocity  readings  were  not  obtained  in  1966  due  to  malfunction  of  testing  equipment. 

5  Channel  iron  on  all  loaded  beams  was  replaced  with  stainless  steel  channel  in  June  I967.  Readings  were  therefore  taken 
on  all  loaded  beams  before  unloading  and  after  reloading  with  stainless  steel  channel. 

4*  Some  pulse  velocity  readings  obtained  in  1969  and  1970  are  not  believed  to  be  valid  due  to  the  power  limitations  of  the 
test  equipment;  these  readings  are  therefore  questionable. 


(Revised  Jan  1973) 
Table  L-TC-B  (Concluded) 


Section  2 


-  -  - -  ggggg  Readings  ~ 

1851  Cycles,  1968  2005  Cycles,  1969  2158  Cycles,  lQ7n  2327  Cycles,  1971  2464  Cycles.  1972 

Max  Max  Max  Max  Max 

Type  Crack  Crack  Crack  Crack  Crack 

Nominal  Steel  Steel  Con-  Width  Con-  Width  Con-  Width  Con-  Width  Con-  Width 

Beam  Stress  Posi-  Deform-  di-  „  l/lOOO  di-  p  l/lOOO  di-  1/1000  di-  1/1000  di-  l/lOOu 

No.  psl  tion  mat  ion  tlon  in.  tion  #  in.  tion  1oV  4  ir..  tion  in.  r.ion  jV*  in. 


108 

50,000 

B 

A-305 

57 

73 

40 

57 

26 

45 

57 

41 

45 

55 

40 

45 

56 

37 

50 

109 

50,000 

B 

OS 

66 

149 

50 

66 

59 

50 

66 

99 

55 

66 

91 

55 

66 

64 

50 

no 

50,000 

B 

OS 

55 

117 

50 

55 

56 

50 

55 

95 

55 

55 

81 

50 

56 

47 

50 

m 

50,000 

B 

A-305 

53 

91 

50 

55 

52 

50 

56 

79 

50 

51 

72 

50 

53 

62 

40 

112 

50,000 

B 

A-305 

63 

93 

40 

63 

50 

45 

63 

76 

45 

62 

71 

40 

63 

65 

40 

U3 

50,000 

B 

OS 

49 

103 

55 

49 

53 

55 

48 

92 

60 

48 

86 

60 

48 

59 

60 

nit 

50,000 

B 

OS 

53 

180 

55 

52 

42 

65 

52 

64 

65 

50 

62 

70 

50 

64 

70 

115 

None 

B 

A-305 

59 

68 

0 

59 

26 

0 

58 

43 

0 

56 

39 

0 

58 

32 

0 

116 

None 

B 

A-305 

65 

58 

5 

67 

25 

0 

67 

38 

0 

66 

36 

0 

65 

29 

0 

n7 

None 

B 

A-305 

65 

68 

0 

65 

28 

0 

65 

43 

0 

67 

4o 

0 

65 

30 

0 

118 

None 

B 

OS 

40 

66 

0 

39 

27 

0 

43 

43 

0 

44 

41 

0 

36 

44 

0 

119 

None 

B 

OS 

52 

67 

0 

53 

30 

0 

56 

49 

0 

52 

47 

0 

51 

21 

0 

120 

None 

B 

OS 

54 

69 

0 

56 

27 

0 

56 

43 

0 

55 

41 

0 

54 

27 

0 

121 

20,000 

T 

A-305 

87 

91 

25 

74 

49 

25 

74 

79 

25 

71 

73 

25 

74 

86 

30 

122 

20,000 

T 

A-305 

82 

85 

25 

70 

52 

30 

69 

81 

25 

67 

77 

20 

68 

54 

25 

123 

20,000 

T 

OS 

72 

U9 

30 

61 

47 

35 

61 

76 

40 

61 

74 

35 

60 

51 

40 

124 

20,000 

T 

OS 

71 

111 

35 

65 

59 

40 

65 

98 

40 

65 

92 

45 

65 

51 

50 

125 

20,000 

T 

A-305 

64 

45 

20 

60 

34 

20 

59 

59 

25 

58 

33 

25 

60 

33 

30 

126 

20,000 

T 

A-305 

77 

63 

20 

77 

34 

25 

76 

60 

25 

77 

49 

30 

76 

42 

30 

127 

20,000 

T 

OS 

76 

68 

10 

69 

28 

10 

70 

42 

10 

68 

37 

20 

68 

22 

15 

128 

20,000 

T 

OS 

69 

69 

5 

69 

27 

5 

70 

47 

10 

68 

43 

15 

67 

25 

15 

129 

30,000 

T 

A-305 

60 

90 

20 

55 

50 

25 

55 

77 

30 

53 

73 

35 

55 

56 

40 

130 

30,000 

T 

A-305 

71 

84 

35 

66 

45 

35 

65 

69 

35 

62 

66 

35 

63 

54 

35 

131 

30,000 

T 

OS 

74 

56 

50 

73 

34 

50 

74 

52 

50 

72 

47 

55 

72 

53 

50 

132 

30,000 

T 

OS 

61 

84 

40 

61 

35 

50 

61 

54 

50 

58 

51 

50 

58 

42 

40 

133 

30,000 

T 

A-305 

63 

45 

20 

63 

26 

25 

63 

44 

30 

61 

43 

30 

61 

40 

30 

134 

30,000 

T 

A-305 

66 

61 

25 

66 

28 

25 

66 

47 

25 

64 

45 

25 

65 

45 

30 

135 

30,000 

T 

OS 

62 

53 

35 

61 

28 

30 

61 

44 

30 

61 

42 

35 

60 

32 

40 

136 

30,000 

T 

OS 

65 

63 

35 

63 

33 

30 

64 

50 

25 

61 

48 

25 

62 

56 

25 

137 

40,000 

T 

A-305 

51 

89 

70 

49 

m 

70 

49 

50 

70 

49 

50 

75 

49 

47 

70 

138 

40,000 

T 

A-305 

57 

106 

70 

56 

37 

70 

56 

60 

75 

56 

56 

70 

56 

45 

60 

139 

40,000 

T 

OS 

67 

92 

35 

67 

26 

40 

66 

39 

45 

66 

38 

45 

66 

32 

40 

140 

40,000 

T 

OS 

69 

82 

35 

70 

29 

4o 

68 

53 

40 

67 

49 

4o 

68 

32 

40 

14 1 

40,000 

T 

A-305 

55 

99 

55 

54 

52 

55 

54 

91 

60 

53 

84 

60 

53 

67 

60 

142 

40,000 

T 

A-305 

59 

111 

50 

58 

50 

55 

57 

80 

60 

57 

84 

65 

62 

59 

60 

143 

40,000 

T 

OS 

65 

116 

30 

64 

48 

35 

64 

74 

35 

64 

71 

30 

64 

61 

25 

144 

40,000 

T 

OS 

61 

115 

55 

61 

51 

60 

61 

80 

65 

61 

73 

70 

61 

61 

60 

145 

50,000 

T 

A-305 

68 

101 

65 

66 

50 

70 

65 

84 

65 

56 

79 

65 

54 

63 

60 

146 

50,000 

T 

A-305 

52 

98 

50 

51 

68 

55 

49 

116 

55 

48 

96 

55 

47 

55 

60 

147 

50,000 

T 

OS 

Failed 5 § 

148 

50,000 

T 

OS 

Damaged  || 

149 

50,000 

T 

A-305 

68 

126 

45 

68 

50 

55 

68 

83 

60 

67 

77 

55 

68 

60 

50 

150 

50,000 

T 

A-305 

65 

142 

50 

65 

62 

50 

64 

86 

50 

65 

80 

50 

65 

54 

50 

151 

50,000 

T 

OS 

57 

79 

50 

58 

30 

50 

57 

4? 

55 

57 

45 

55 

57 

39 

50 

152 

50,000 

T 

OS 

54 

111 

50 

54 

40 

55 

54 

66 

55 

54 

63 

50 

54 

31 

50 

153 

None 

T 

A-305 

44 

72 

0 

44 

30 

0 

46 

48 

0 

43 

45 

0 

44 

33 

0 

154 

None 

T 

A-305 

61 

64 

0 

62 

29 

0 

62 

45 

0 

55 

44 

0 

57 

34 

0 

155 

None 

T 

A-305 

66 

63 

0 

65 

30 

0 

66 

44 

0 

66 

40 

0 

65 

32 

0 

156 

None 

T 

OS 

66 

74 

0 

68 

29 

0 

63 

46 

0 

66 

31 

0 

66 

35 

0 

157 

None 

T 

OS 

60 

79 

0 

60 

29 

0 

60 

46 

0 

56 

44 

0 

52 

32 

0 

158 

None 

T 

OS 

52 

67 

10 

53 

33 

10 

53 

52 

10 

52 

45 

15 

53 

66 

10 

§5  Beam  failed  but  left  under  exposure.  (Sheet  7) 

I!  Damaged  when  beam  147  failed,  but  left  under  exposure. 

#  Some  pulse  velocity  readings  obtained  in  19^9  and  1970  are  not  believed  to  be  valid  due  to  the  power  limitations  of  the 
test  equipment;  these  readings  are  therefore  questionable. 

##  A  pulse  velocity  reading  was  not  obtained  on  this  specimen. 


(Revised  August  1977) 
Table  1-TC-B  (Continued) 


Section  2 


1973-1976  Readings 


Beach  Row  1 


2624 

Cycles.  1973 

2760  Cycles.  1974 

2872  Cycles 

.  1975 

3018  Cycles,  1976 

Max 

Max 

Max 

Max 

Type 

Crack 

Crack 

Crack 

Crack 

Nosiinal 

Steel 

Steel 

Con¬ 

Width 

Con¬ 

Width 

Con¬ 

Width 

Con¬ 

Width 

Beam 

Stress 

Posi¬ 

Defor¬ 

di¬ 

jtv2 

1/1000 

di¬ 

1/1000 

di¬ 

1/1000 

di¬ 

1/1000 

No. 

psi 

tion 

mation 

tion 

in. 

tion 

in. 

tion 

in. 

tion 

in. 

83 

20,000 

B 

A- 305 

59 

♦♦ 

10 

53 

U 

5 

59 

74 

10 

46 

66 

15 

84 

20,000 

B 

A- 305 

63 

10 

67 

10 

65 

67 

15 

64 

74 

25 

85 

20,000 

B 

OS 

72 

25 

71 

20 

71 

72 

25 

66 

73 

20 

86 

20,000 

B 

OS 

66 

20 

66 

20 

66 

66 

20 

63 

65 

20 

87 

20,000 

B 

A- 305 

46 

15 

48 

15 

45 

70 

20 

47 

105 

20 

88 

20,000 

B 

A- 305 

50 

10 

49 

15 

49 

68 

20 

51 

69 

15 

89 

20,000 

B 

OS 

64 

20 

66 

20 

65 

76 

25 

64 

76 

25 

90 

20,000 

B 

OS 

6l 

20 

6o 

20 

60 

6o 

30 

57 

97 

20 

91 

30,000 

B 

A- 305 

69 

20 

68 

20 

67 

56 

30 

68 

55 

25 

92 

30,000 

B 

A- 305 

67 

15 

66 

15 

66 

83 

20 

51 

80 

20 

93 

30,000 

B 

OS 

64 

25 

66 

40 

64 

53 

35 

64 

53 

50 

94 

30,000 

B 

OS 

67 

55 

67 

70 

64 

57 

70 

61 

65 

70 

95 

30,000 

B 

A-305 

68 

20 

68 

15 

67 

78 

25 

62 

77 

25 

96 

30,000 

B 

A- 305 

65 

20 

66 

20 

67 

53 

25 

62 

80 

20 

97 

30,000 

B 

OS 

63 

40 

63 

30 

6l 

59 

50 

62 

58 

4o 

98 

30,000 

B 

OS 

59 

50 

58 

50 

60 

63 

50 

58 

62 

50 

99 

40,000 

B 

A-305 

59 

50 

59 

60 

59 

57 

50 

57 

58 

60 

100 

40,000 

B 

A-305 

58 

40 

56 

30 

57 

73 

50 

53 

71 

50 

101 

40,000 

B 

OS 

58 

60 

60 

70 

60 

53 

75 

58 

52 

75 

102 

40,000 

B 

OS 

6l 

60 

63 

6o 

63 

46 

70 

59 

49 

100 

103 

40,000 

B 

A-305 

50 

60 

51 

60 

48 

89 

60 

47 

94 

60 

104 

40,000 

B 

A-305 

57 

60 

58 

50 

58 

76 

55 

57 

81 

55 

105 

40,000 

B 

OS 

69 

50 

70 

50 

68 

no 

55 

64 

108 

70 

106 

40,000 

B 

OS 

52 

50 

52 

50 

52 

63 

70 

48 

66 

70 

107 

50,000 

B 

A-305 

51 

50 

51 

60 

51 

38 

55 

51 

38 

(1-in.  spall) 

108 

50,000 

B 

A-305 

55 

50 

52 

50 

54 

37 

55 

57 

38 

(1/2- in.  spall) 

109 

50,000 

B 

OS 

66 

60 

66 

70 

66 

62 

60 

64 

126 

(1-1/2  in.  spall) 

no 

50,000 

B 

OS 

55 

60 

55 

60 

53 

57 

60 

55 

100 

75 

111 

50,000 

B 

A-305 

51 

40 

50 

50 

51 

83 

50 

49 

92 

75 

112 

50,000 

B 

A-305 

63 

60 

62 

70 

58 

74 

60 

61 

103 

75 

113 

50,000 

B 

OS 

48 

80 

48 

80 

48 

75 

80 

47 

76 

(1/4-in.  spall) 

114 

50,000 

B 

OS 

51 

70 

52 

60 

52 

71 

75 

51 

138 

100 

115 

None 

B 

A-305 

63 

0 

57 

0 

56 

79 

47 

79 

116 

None 

B 

A-305 

65 

0 

58 

0 

57 

82 

55 

79 

117 

None 

B 

A-305 

43 

0 

45 

0 

48 

42 

35 

42 

118 

None 

B 

OS 

34 

0 

35 

0 

38 

61 

35 

65 

119 

None 

B 

OS 

56 

0 

49 

0 

49 

40 

50 

43 

120 

None 

B 

OS 

53 

0 

54 

0 

48 

83 

52 

80 

121 

20,000 

T 

A-305 

74 

30 

72 

25 

72 

97 

35 

72 

98 

25 

122 

20,000 

T 

A-305 

69 

20 

68 

15 

67 

90 

25 

69 

102 

30 

123 

20,000 

T 

OS 

60 

50 

61 

50 

6o 

90 

50 

60 

103 

60 

124 

20,000 

T 

OS 

64 

40 

64 

40 

62 

86 

50 

61 

81 

50 

125 

20,000 

T 

A-305 

60 

25 

59 

20 

56 

55 

30 

57 

56 

30 

126 

20,000 

T 

A-305 

76 

25 

77 

25 

74 

57 

30 

75 

58 

30 

127 

20,000 

T 

OS 

65 

15 

67 

20 

66 

57 

20 

67 

56 

20 

128 

20,000 

T 

OS 

58 

10 

67 

10 

64 

61 

20 

68 

59 

15 

129 

30,000 

T 

A-305 

54 

50 

52 

40 

54 

75 

50 

52 

98 

50 

130 

30,000 

T 

A-305 

63 

50 

63 

50 

63 

70 

60 

61 

in 

65 

131 

30,000 

T 

OS 

72 

60 

72 

60 

70 

62 

70 

72 

62 

75 

132 

30,000 

T 

OS 

59 

60 

59 

60 

58 

71 

60 

51 

83 

75 

133 

30,000 

T 

A-305 

60 

50 

6l 

50 

58 

83 

5° 

57 

78 

50 

134 

30,000 

T 

A-305 

64 

60 

64 

50 

64 

60 

65 

62 

61 

75 

135 

30,000 

T 

OS 

6l 

40 

61 

40 

6l 

50 

40 

61 

46 

40 

136 

30,000 

T 

OS 

65 

20 

65 

30 

62 

82 

30 

63 

86 

30 

137 

40,000 

T 

A-305 

49 

80 

50 

70 

49 

66 

85 

49 

67 

90 

138 

40,000 

T 

A-305 

56 

75 

55 

80 

56 

68 

75 

55 

67 

75 

139 

40,000 

T 

OS 

66 

50 

65 

60 

65 

92 

50 

64 

68 

50 

140 

40,000 

T 

OS 

67 

45 

67 

40 

67 

65 

55 

66 

67 

60 

l4l 

40,000 

T 

A-305 

53 

60 

53 

60 

52 

75 

60 

58 

105 

60 

142 

40,000 

T 

A-305 

53 

40 

59 

50 

54 

TO 

50 

61 

86 

50 

143 

40,000 

T 

OS 

64 

40 

63 

40 

62 

78 

50 

64 

n4 

75 

144 

40,000 

T 

OS 

61 

60 

61 

70 

55 

72 

65 

59 

91 

(1/4-in.  spall) 

145 

50,000 

T 

A-305 

60 

80 

54 

80 

52 

68 

80 

54 

n6 

125 

146 

50,000 

T 

A-305 

46 

50 

48 

60 

44 

72 

70 

46 

84 

80 

♦*  Satisfactory  pulse  velocity  readings  vere  not  obtained  in  1973  and  197^. 


(Sheet  8) 


(Issued  August  1977) 
Table  1-TC-B  (Continued) 


1977-  Readings 


3095  Cycles.  1977 
Max 

Type  Crack 


Nominal 

Steel 

Steel 

Con¬ 

Width 

Beam 

Stress 

Posi¬ 

Defor¬ 

di¬ 

vt 

1/1000 

No. 

psi 

tion 

mation 

tion 

in. 

83 

20,000 

B 

A-305 

22 

80 

15 

8U 

20,000 

B 

A- 305 

60 

71* 

25 

85 

20,000 

B 

OS 

68 

88 

25 

86 

LO, 000 

B 

OS 

65 

69 

25 

87 

20,000 

B 

A-305 

U6 

66 

20 

88 

20,000 

B 

A-305 

51 

53 

20 

89 

20,000 

B 

OS 

63 

1*6 

25 

90 

20,000 

B 

OS 

58 

59 

25 

91 

30,000 

B 

A-305 

68 

60 

25 

92 

30,000 

B 

A-305 

65 

81* 

25 

93 

30,000 

B 

OS 

63 

51 

55 

9U 

30,000 

B 

OS 

63 

68 

70 

95 

30,000 

B 

A-305 

60 

76 

25 

96 

30,000 

B 

A-305 

61* 

86 

25 

97 

30,000 

B 

OS 

62 

76 

50 

98 

30,000 

B 

OS 

59 

63 

50 

99 

1*0,000 

B 

A-305 

56 

92 

60 

100 

1*0,000 

B 

A-305 

56 

72 

55 

101 

1*0,000 

B 

OS 

56 

51* 

80 

102 

1*0,000 

B 

OS 

58 

53 

100 

103 

1*0,000 

B 

A-305 

U7 

86 

60 

101* 

1*0,000 

B 

A-305 

61* 

62 

60 

105 

1*0,000 

B 

OS 

65 

82 

75 

106 

1*0,000 

B 

OS 

66 

69 

70 

107 

50,000 

B 

A-305 

50 

1*6 

(l-in.  spall) 

108 

50,000 

B 

A-305 

53 

1*1* 

(5/8-in.  spall) 

109 

50,000 

B 

OS 

65 

115 

(1-1/2  in.  spall) 

110 

50,000 

B 

OS 

53 

91* 

75 

111 

50,000 

B 

A-305 

50 

68 

75 

112 

50,000 

B 

A-305 

59 

67 

75 

113 

50,000 

B 

OS 

1*7 

79 

(l/l*-in.  spall) 

111* 

50,000 

B 

OS 

51 

101 

100 

115 

None 

B 

A-305 

51 

78 

116 

None 

B 

A-305 

57 

76 

117 

None 

B 

A-305 

59 

1*1* 

118 

None 

B 

OS 

1*1* 

61* 

119 

None 

B 

OS 

55 

1*3 

120 

None 

B 

OS 

51* 

79 

121 

20,000 

T 

A-305 

70 

92 

35 

122 

20,000 

T 

A-305 

67 

97 

35 

123 

20,000 

T 

OS 

59 

65 

60 

12l* 

20,000 

T 

OS 

63 

71 

60 

125 

20,000 

T 

A-305 

57 

51* 

30 

126 

20,000 

T 

A-305 

75 

51* 

30 

127 

20,000 

T 

OS 

66 

68 

20 

128 

20,000 

T 

OS 

67 

65 

20 

129 

30,000 

T 

A-305 

52 

93 

50 

130 

30,000 

T 

A-305 

60 

83 

60 

131 

30,000 

T 

OS 

70 

1*9 

75 

132 

30,000 

T 

OS 

51* 

53 

75 

133 

30,000 

T 

A-305 

58 

91 

50 

131* 

30,000 

T 

A-305 

62 

72 

75 

135 

30,000 

T 

OS 

6l 

1*3 

»*0 

136 

30,000 

T 

OS 

62 

59 

1*0 

137 

1*0,000 

T 

A-305 

1*9 

79 

100 

138 

1*0,000 

T 

A-305 

55 

77 

75 

139 

1*0,000 

T 

OS 

65 

89 

55 

ll«0 

1*0,000 

T 

OS 

65 

81 

60 

ll*l 

1*0,000 

T 

A-305 

59 

91* 

60 

1U2 

uo.ooo 

T 

A-305 

57 

86 

60 

11*3 

1*0,000 

T 

OS 

62 

81 

75 

ll«lt 

1*0,000 

T 

OS 

57 

93 

(3/8-in.  spall) 

ll»5 

50,000 

T 

A-305 

52 

89 

125 

11*6 

50,000 

T 

A-305 

1*7 

73 

80 

1 


(Issued  August  1977) 

Table  3-TC-B  (Continued)  Section  2 


Beam 

Ho. 

Noainal 

Stress 

psi 

Steel 

Posi- 

tlon 

Type 

Steel 

Defor¬ 

mation 

Con¬ 

dition 

Crack 

Width 

1/1000 

in. 

Con¬ 

dition 

a! 

Crack 

Width 

1/1000 

in. 

Con¬ 

dition 

svi 

Crack 

Width 

l/lOOO 

in. 

Con¬ 

di¬ 

tion 

t£ 

Crack 

Width 

1/1000 

in. 

me 

50,000 

T 

OS 

ii 

Unloaded 

## 

_ 

__ 

__ 

__ 

1U9 

50,000 

T 

A- 305 

68 

75 

66 

5001 

6l 

73 

500 

6l 

100 

(4- In.  spall) 

150 

50,000 

T 

A- 305 

65 

60 

65 

70 

62 

6l 

70 

64 

104 

75 

151 

50,000 

T 

OS 

57 

70 

58 

70 

57 

62 

60 

56 

63 

(1/2- In.  spall) 

152 

50,000 

T 

OS 

5U 

60 

5U 

55 

51 

52 

50 

53 

52 

50 

153 

None 

T 

A- 305 

1»U 

0 

36 

0 

16 

50 

26 

52 

15U 

None 

T 

A- 305 

55 

0 

5U 

0 

54 

84 

55 

6l 

155 

None 

T 

A- 305 

76 

0 

65 

0 

61 

82 

65 

81 

156 

None 

T 

OS 

52 

0 

27 

0 

25 

83 

22 

8l 

157 

None 

T 

OS 

52 

0 

51 

0 

49 

83 

50 

90 

158 

None 

T 

OS 

51 

0 

50 

0 

50 

74 

51 

79 

(2- In.  spall) 

Max 

Crack 


Con-  Width 
di-  1/1000 
tion  tT  in. 


148 

50,000 

T 

OS 

.. 

— 

149 

50,000 

T 

A- 305 

64 

67 

(4- in .  8 pall ) 

150 

50,000 

T 

A- 305 

63 

65 

75 

151 

50,000 

T 

OS 

53 

63 

(5/8-in.  spall) 

152 

50,000 

T 

OS 

53 

67 

50 

153 

None 

T 

A- 305 

29 

53 

154 

None 

T 

A- 305 

55 

74 

155 

None 

T 

A- 305 

65 

82 

156 

None 

T 

OS 

23 

82 

157 

None 

T 

OS 

54 

80 

158 

None 

T 

OS 

50 

68 

o 


If  Satisfactory  pulse  velocity  readings  were  not  obtained  in  1973  and  197U. 
1  One  rebar  failed  during  winter  of  1973-1971*. 


(Sheet  10) 


(Corrected  Aug  1965) 


Section  3 


Twenty-four  air-entrained  concrete  spheres  were  installed  on  the 
beach  at  Treat  Island  in  May  195*+  for  soniscope  studies .  These  spheres  are 
12  in.  in  diameter  and  were  fabricated  in  March  and  April  of  19*+3»  They 
had  previously  been  exposed  at  Treat  Island  during  the  period  from  October 
19*+3  to  May  1949  as  a  part  of  the  Stewart  Field  Program.  This  previous 
exposure  (approximately  600  cycles  of  freezing-and- thawing)  had  no  ap¬ 
preciable  effect  on  the  spheres .  Spheres  were  selected  for  this  exposure 
primarily  because  the  concrete  in  a  sphere  is  in  a  relatively  stress-free 
condition  with  no  corners . 

Table  1-SF  lists  these  specimens  and  gives  their  exposure  record 
along  with  pertinent  mixture  data. 


*  See  Corps  of  Engineers,  Central  Concrete  Laboratory,  Concrete  Investiga^ 
tion.  Stewart  Field,  Newburgh.  New  York,  First  Interim  Report  (March 
1943;;  Second  Interim  Report  (April  1943);  Final  Report  (April  1944). 


(Revised  Aug  1971* ) 
Table  1-SF 


Section  3 


Mixture  Data  and  Record  of  Testing  of  Stewart  Field  Spheres 


Exposure  Rack,  Row  9  (W  to  E) 
4-1962  Readings 


Water- 

_ m. 

4 

Sphere 

No. 

Aggregate 

Fine 

Combination 

Coarse 

Cement 

Ratio 

Kal/ba« 

Cement 
Factor 
bags/cu  yd 

Air 

_L 

Pulse 

Veloc 

fps 

1955  1956  1957  1958 
tv2  tv2  tv2  tv2 

1959 

tv2 

i960 

Jv2 

1961 
tv L 

1962 

jvf_ 

HA 

Nat.  sand  A 

Nat.  gravel  A 

4.5 

7.2 

3-2 

14,925 

100 

94 

106 

103 

113 

» 

11B 

Nat.  sand  A 

Nat.  gravel  A 

4.5 

7.1 

4.0 

14,085 

100 

109 

131 

97 

123 

105 

102 

123 

119 

110 

Nat.  sand  A 

Nat.  gravel  A 

4.5 

7.0 

2.9 

13,890 

100 

112 

127 

116 

131 

103 

109 

U9 

115 

12D 

Nat.  sand  A 

Nat.  gravel  A 

5.0 

6.2 

2.3 

14,925 

100 

97 

117 

94 

94 

87 

92 

U7 

94 

13D 

Nat.  sand  A 

Nat.  gravel  A 

5-5 

5.3 

4.7 

16,665 

100 

100 

111 

94 

100 

85 

91 

103 

73 

21A 

Crushed 

Nat.  gravel  A 

4.5 

7.3 

4.5 

14,495 

100 

106 

109 

106 

116 

106 

113 

137 

n3 

2  IB 

Crushed 

Nat.  gravel  A 

4.5 

7.3 

4-3 

14,925 

100 

100 

128 

109 

124 

113 

124 

125 

117 

22A 

Crushed 

Nat.  gravel  A 

5.0 

6.4 

4.8 

13,700 

100 

106 

119 

116 

123 

113 

120 

130 

139 

22B 

Crushed 

Nat.  gravel  A 

5.0 

6.4 

4.7 

13,335 

100 

118 

115 

115 

109 

115 

132 

162 

133 

23A 

Crushed 

Nat.  gravel  A 

5-5 

5.6 

4.5 

14,085 

100 

106 

123 

106 

119 

100 

106 

135 

131 

23B 

Crushed 

Nat.  gravel  A 

5-5 

5.6 

4.6 

13,890 

100 

112 

127 

116 

127 

106 

109 

135 

140 

31B 

Nat.  sand  B 

Nat.  gravel  A 

4.5 

6.5 

4-3 

14,925 

100 

106 

121 

110 

125 

110 

no 

121 

113 

33D 

Nat.  sand  B 

Nat.  gravel  A 

5-5 

5.0 

4.8 

13,890 

100 

115 

131 

112 

135 

107 

100 

139 

135 

52D 

Blend  A 

Nat.  gravel  A 

5.0 

5-9 

3-8 

14,495 

100 

109 

132 

106 

109 

106 

Failed 

53* 

Blend  B 

Nat.  gravel  A 

5.5 

5-2 

5-1 

13,890 

100 

112 

127 

116 

120 

110 

120 

131 

131 

53* 

Blend  A 

Nat.  gravel  A 

5.5 

5.1 

4.3 

13,890 

100 

115 

135 

116 

123 

107 

119 

127 

103 

71* 

Crushed 

Rock  C 

4-5 

7.4 

6.8 

18, 520 

100 

87 

90 

90 

100 

76 

87 

96 

93 

73D 

Crushed 

Rock  C 

5-5 

5.8 

2.9 

17,240 

100 

97 

104 

104 

108 

94 

97 

in 

100 

SlA 

Nat.  sand  B 

Rock  C 

4.5 

7-0 

4.9 

16,665 

100 

97 

123 

no 

114 

96 

106 

124 

85 

83A 

Nat.  sand  B 

Rock  C 

5.5 

5-3 

7.7 

16,950 

100 

73 

100 

88 

100 

97 

83 

85 

85 

83D 

Nat.  sand  B 

Rock  C 

5-5 

5-3 

4.1 

16,395 

100 

103 

128 

111 

100 

85 

94 

107 

66 

83B 

Nat.  sand  B 

Rock  C 

5-5 

5.3 

3-9 

16,395 

100 

103 

128 

111 

123 

97 

104 

123 

83 

92E 

Blend  C 

Rock  C 

5.0 

6.3 

3-9 

16,130 

100 

n4 

127 

110 

122 

103 

114 

132 

no 

130 

Nat .  sand  A 

Nat.  gravel  A 

5-5 

5-2 

3-8 

15, 385 

100 

89 

106 

94 

#-» 

114 

94 

106 

94 

osure  Rack,  Row  9  (w  to  E) 


w 

19& 

1965  196< 

5  i%7 

1968 

1969 

1970 

1971 

1972 

tv2  fly2 

iSv2  tv2  tv2 

t£_ 

Ht- 

t£. 

tv2 

*vf_ 

1LB 

Nat .  sand 

A 

Nat.  gravel  A 

4.5 

7.1 

4.0 

90 

112 

119  t 

87 

119 

123 

103 

83 

58 

11G 

Nat.  sand 

A 

Nat.  gravel  A 

4.5 

7-0 

2.9 

87 

61 

87 

Failed 

12D 

Nat.  sand  A 

Nat.  gravel  A 

5.0 

6.2 

2.3 

106 

103 

121 

82 

92 

89 

87 

33 

43 

13D 

Nat.  sand  A 

Nat.  gravel  A 

5-5 

5.3 

4.7 

83 

n5 

119 

64 

85 

91 

7  8 

48 

47 

2  LA 

Crushed 

Nat.  gravel  A 

4.5 

7.3 

4.5 

132 

128 

157 

61 

120 

120 

113 

76 

69 

2  IB 

Crushed 

Nat.  gravel  A 

4-5 

7.3 

4.3 

110 

117 

143 

62 

106 

109 

106 

64 

80 

22A 

Crushed 

Nat.  gravel  A 

5.0 

6.4 

4.8 

130 

139 

139 

37 

85 

88 

83 

81 

100 

22B 

Crushed 

Nat.  gravel  A 

5.0 

6.4 

4.7 

151 

146 

125 

103 

90 

55 

50 

Failed 

23* 

Crushed 

Nat.  gravel  A 

5-5 

5.6 

4.5 

123 

112 

123 

79 

119 

116 

103 

85 

65 

23B 

Crushed 

Nat.  gravel  A 

5.5 

5-6 

4.6' 

131 

135 

140 

106 

149 

139 

109 

85 

75 

31T 

Nat.  sand 

B 

Nat.  gravel  A 

4.5 

6.5 

4.3 

117 

117 

106 

41 

40 

Failed 

33D 

Nat.  sand 

B 

Nat.  gravel  A 

5-5 

5-0 

4.8 

127 

127 

139 

92 

131 

109 

95 

Failed 

53* 

Blend  B 

Nat.  gravel  A 

5-5 

5-2 

5.1 

127 

127 

135 

77 

123 

112 

103 

85 

47 

53* 

Blend  A 

Nat.  gravel  A 

5-5 

5-1 

4.3 

123 

123 

135 

87 

139 

106 

100 

83 

49 

71* 

Crushed 

Rock  C 

4.5 

7-4 

6.8 

96 

87 

90 

36 

71 

46 

43 

19 

NR 

7H> 

Crushed 

Rock  C 

5.5 

5-8 

2.9 

111 

50 

69 

Failed 

an 

Nat.  sand 

B 

Rock  C 

4.5 

7.0 

4.9 

130 

103 

97 

30 

46 

25 

NR 

Failed 

83* 

Nat.  sand 

B 

Rock  C 

5-5 

5-3 

7.7 

91 

82 

Failed 

830 

Nat .  sand 

B 

Rock  C 

5-5 

5.3 

4.1 

97 

63 

33 

Failed 

83* 

Nat .  sand 

B 

Rock  C 

5*5 

5-3 

3.9 

88 

85 

49 

13 

Failed 

92* 

Blend  C 

Rock  C 

5.0 

6-3 

3.9 

127 

123 

154 

74 

131 

123 

103 

78 

53 

130 

Nat.  sand 

A 

Nat.  gravel  A 

5-5 

5.2 

3.8 

110 

110 

114 

58 

114 

86 

77 

61 

51 

*  Specimen  11A  disappeared  bet  wen  May  1958  ®nd  May  1959. 

M  This  specimen  could  not  be  found  to  test  in  1958,  but  it  was  later  found  in  another  location  on  the  beach  and  reinstalled. 

t  Satisfactory  pulse  velocity  readings  were  not  obtained  in  1966  due  to  malfunction  of  testing  equipment . 

NR  A  satisfactory  reading  was  not  obtained  although  an  attempt  was  made  to  obtain  one. 

(Sheet  1) 


(Revised  August  1977) 

Table  1-SF  (Continued)  Section  3 

_ _ _ Exposure  Rack,  Row  9  (W  to  E) 


Sphere 

Aggregate  Combination 

Cement 

Ratio 

Cement 

Factor 

Air 

1973 

19711 

1975 

1976 

1977 

No. 

Fine 

Coarse 

gal/bag 

bags/cu  yd 

_i_ 

vr  %r_ 

tv2 

tv2 

11B 

Nat .  sand  A 

Nat.  gravel 

A 

U.5 

7.1 

i*.o 

52 

1*9 

33 

NR 

Failed 

12D 

Nat .  sand  A 

Nat.  gravel 

A 

5.0 

6.2 

2.3 

NB 

NR 

NR 

NR 

NR 

13D 

Nat .  sand  A 

Nat.  gravel 

A 

5.5 

5.3 

fc.T 

NR 

NR 

NR 

NR 

NR 

21A 

Crushed 

Nat.  gravel 

A 

U.5 

7.3 

l*.5 

66 

60 

so 

73 

73 

21B 

Crushed 

Nat.  gravel 

A 

•*.5 

7.3 

»*.3 

T8 

76 

72 

62 

65 

22A 

Crushed 

Nat.  gravel 

A 

5.0 

6.U 

U .  8 

95 

93 

88 

81 

83 

23A 

Crushed 

Nat.  gravel 

A 

5.5 

5.6 

•>.5 

62 

62 

70 

65 

62 

23B 

Crushed 

Nat.  gravel 

A 

5.5 

5.6 

b.6 

1*3 

1*0 

67 

61 

63 

53A 

Blend  B 

Nat.  gravel 

A 

5.5 

5.2 

5.1 

NR 

NR 

NR 

Failed 

53E 

Blend  A 

Nat.  gravel 

A 

5.5 

5.1 

U.3 

NR 

NR 

NR 

Failed 

71A 

Crushed 

Rock  C 

*».5 

7.U 

6.6 

Failed 

92E 

Blend  C 

Rock  C 

5.0 

6.3 

3.9 

NR 

NR 

NR 

Failed 

13G 

Nat.  sand  A 

Nat.  gravel 

A 

5.5 

5.2 

3.8 

NR 

NR 

NR 

Failed 

O 


HP  A  satisfactory  reading  was  not  obtained  although  an  attempt  was  made  to  obtain  one. 


(Sheet  2) 


(Revised.  Sept  1968) 


Section  4 


Cement-Replacement  Materials  Investigation,  Phase  B* 

In  December  1953 >  21  concrete  prisms  (l8  by  l8  by  36  in.)  were  in¬ 
stalled  at  half-tide  elevation  on  the  beach  at  Treat  Island  as  a  part  of 
Phase  B  of  the  Cement-Replacement  Materials  Investigation.*  Phase  B  in¬ 
volved  the  proportioning,  outdoor  mixing,  and  placing  of  mass  concrete, 
using  2-cu-yd  batching,  mixing,  and  placing  equipment.  The  purpose  of 
this  installation  is  to  develop  information  about  the  durability  of 
Phase  B  concretes . 

The  prisms  were  made  from  seven  different  concrete  mixtures  ( 3  prisms 
per  mixture);  the  coarse  and  fine  aggregate  used  in  all  mixtures  was  a 
crushed  limestone.  All  concrete  mixtures  were  air-entrained;  the  air- 
entraining  admixture  was  admixture  G.  The  mixture  data  are  tabulated 
below.  Table  1-CRMI-PB  lists  the  concrete  specimens  exposed  as  a  part  of 
this  program  and  gives  their  exposure  record. 


Mixture  Data 


Mix 

No. 

Date 

Cast 

1953 

Portland 

Cement 

- r~ 

Type  Used 

Replacement 

Material 

- - r 

•Type  Used 

Max 

Size 

Coarse 

AgBr 

Cement 
Factor 
bags/ cu  yd 

Water- 
Cement 
Ratio 
by  vrt 

Slump 

in. 

Air* 

d 

Specimen 

No. 

a 

4-7 

II 

100 

None 

None 

6  in. 

2.52 

0.8 

2-1/4 

6.0 

B-10 

2-3/4 

6.7 

B-ll 

3-1/4 

5.1 

B-12 

b 

4-14 

II 

100 

None 

None 

3  in. 

2.91 

0.8 

3/4 

5.9 

B-^0 

2-1/2 

6.8 

B- 

1-1/2 

5-6 

B-32 

c 

4-28 

II 

100 

None 

None 

3  in. 

4.76 

0.5 

2-1/2 

7.2 

B-61 

1-1/2 

2.5 

B-62 

1/4 

1.2 

B-63 

d 

4-21 

II 

55** 

Fly  ash 

45** 

6  in. 

2.16 

0.8 

2 

5.4 

B-46 

1-1/2 

4.8 

B-47 

2-1/2 

5.0 

B-48 

e 

5-19 

II 

65** 

Nat .  cem 

35** 

6  in. 

2-33 

0.8 

1-1/2 

5.3 

B-109 

3 

5.7 

B-110 

3-1/4 

5.2 

B-lll 

f 

5-6 

II 

55** 

Fly  ash 

45** 

3  in. 

2.49 

0.8 

2-1/2 

5.7 

B-77 

2-1/2 

5.4 

E-78 

2 

5.9 

B-79 

g 

5-12 

II 

65** 

Nat .  cem 

?5** 

3  in. 

2.68 

0.8 

1/2 

6.0 

B-93 

2 

7.2 

B-94 

2 

6.3 

B-95 

*  Air  content  of  that  portion  of  the  concrete  containing  aggregate  smaller  than  1-1/2  in.  in  size. 
#*  Per  cent  l»y  solid  volume. 


*  See  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Investigation 
of  Cement -Replacement  Materials;  Preliminary  Field  Investigations 
(Phase  B),  Miscellaneous  Paper  No.  6-123,  Report  No.  4  (Vicksburg,  Miss., 

April  195o) • 

iA 


(Revised  May  1076) 
Table  1-CRMI-PB 


Section  4 


Record  of  Testing  of  Prisms  Made  for  Cement -Replacement  Materials  Investigation, 
Phase  B,  1933- _ (installed  December  1933) 


Beach  Row  2 


1953-1963  Readings 


Mix 

No. 

Specimen 

No. 

Port¬ 

land 

Cement 

* 

Max 

Aggr 

Size 

in. 

0 

Cycles 

1953 

56V2 

110 

Cycles 

1951* 

*V2 

255 

Cycles 

1955 

P2 

422 

Cycles 

1956 

566 

Cycles 

1957 

P2 

637 

Cycles 

1958 

P2 

Wf 

Cycles 

1959 

tv2 

““1355 - 

Cycles 

i960 

tv2 

999 

Cycles 

1961 

PS 

108S 

Cycles 

1962 

*V2 

1194 

Cycles 

1963 

p2 

a 

B-10 

100 

6 

100 

100 

106 

111 

96 

101 

88 

90 

85 

Failed 

B-ll 

100 

107 

115 

114 

108 

108 

104 

102 

99 

75 

92 

B-12 

100 

106 

U3 

112 

105 

106 

103 

98 

92 

Failed 

b 

B-30 

100 

3 

100 

94 

100 

100 

92 

95 

95 

97 

94 

102 

97 

B-31 

100 

93 

97 

98 

92 

94 

88 

89 

93 

88 

86 

B-32 

100 

94 

98 

97 

93 

93 

88 

94 

93 

90 

95 

c 

B-61 

100 

3* 

100 

88 

97 

97 

91 

93 

90 

93 

91 

97 

99 

B-62 

100 

63** 

95 

94 

90 

93 

87 

89 

92 

88 

92 

B-63 

100 

62** 

97 

99 

91 

93 

88 

93 

91 

93 

87 

d 

B-46 

55+ 

6 

100 

86 

92 

79 

59 

ft 

tt 

tt 

tt 

Failed 

B-47 

100 

90 

97 

97 

85 

91 

ft 

tt 

tt 

Failed 

B-48 

100 

94 

99 

96 

93 

96 

83 

tt 

♦t 

tt 

tt 

e 

B-109 

65* 

6 

100 

95 

98 

99 

89 

91 

74 

75 

66 

Failed 

B-110 

100 

93 

99 

97 

88 

90 

82 

83 

81 

65 

82 

B-lll 

100 

95 

100 

99 

93 

96 

85 

91 

89 

90 

84 

f 

B-77 

55t 

3 

100 

95 

101 

104 

93 

94 

tt 

tt 

tt 

tt 

tt 

B-T8 

100 

106 

103 

103 

94 

92 

38 

tt 

tt 

tt 

tt 

B-79 

100 

94 

101 

99 

97 

89 

tt 

tt 

tt 

tt 

tt 

g 

B-93 

65* 

3 

100 

92 

96 

102 

91 

95 

86 

92 

90 

90 

90 

B-9U 

100 

94 

101 

99 

98 

93 

91 

95 

91 

91 

90 

B-95 

100 

96 

100 

98 

94 

90 

87 

89 

88 

76 

81 

1964-1975  Readings 

1329 

1492 

1622 

I77B 

1963 

2117 

2270 

2439 

2596 

2736 

2782 

2894 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1964 

1965 

1966 

1967 

19^8 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

P2 

p 2 

56V2 

56V2 

p2 

_j£_ 

56V2 

p2 

*v2 

*v2 

56^ 

a 

B-n 

100 

6 

81 

75 

M 

66 

73 

tt 

tt 

b 

B-30 

100 

3 

90 

92 

82 

93 

93 

89 

84 

68 

68 

5 

81 

76 

B-31 

79 

80 

65 

73 

77 

69 

65 

55 

NR 

5 

74 

85 

B-32 

88 

87 

73 

86 

88 

79 

72 

67 

70 

§ 

88 

93 

c 

b-6i 

100 

3* 

93 

106 

91 

95 

92 

91 

86 

88 

88 

$ 

116 

102 

B-62 

94 

95 

87 

86 

86 

78 

74 

66 

73 

5 

103 

100 

b-63 

89 

49 

Failed 

d 

B-48 

55t 

6 

tt 

Failed 

e 

B-110 

65* 

6 

72 

64 

57 

59 

59 

20 

tt 

B-lll 

77 

74 

58 

66 

67 

58 

tt 

f 

B-77 

55+ 

3 

tt 

Failed 

B-78 

tt 

Failed 

B-79 

tt 

Failed 

g 

B-93 

65* 

3 

95 

92 

83 

92 

91 

88 

79 

77 

78 

5 

88 

90 

B-94 

82 

77 

75 

71 

74 

69 

65 

Failed 

B-95 

69 

64 

63 

58 

59 

57 

54 

Failed 

*  Water -cement  ratio  (by  vt),  0.5#  that  of  all  other  specimens,  0.8. 

**  'Biese  two  values  are  inconsistent  with  previous  and  subsequent  readings  and  are  presumed  incorrect, 
t  1*5#  fly  ash  used  as  replacement  material, 
ft  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 

♦  35#  natural  cement  used  as  replacement  material. 

tt  Satisfactory  pulse  velocity  reading  was  not  obtained  on  this  prism  in  1966:  the  reading  obtained 
was  spurious  and  was  thrown  out. 

5  Satisfactory  pulse  velocity  reading  was  not  obtained  on  this  specimen  in  1973  due  to  equipment  malfunction. 


Section  U 


(Issued  August  1977) 

Table  1-CRMI-PB  (Continued) 

Record  of  Testing  of  Prisms  Made  for  Cement-Replacement  Materials  Investigation 
Phase  E.  1953-  (Installed  December  1953) 


Mix 

Specimen 

Port¬ 

land 

Cement 

Max 

Aggr 

Size 

30h0 

Cycles 

1976 

3117 

Cycles 

1977 

No. 

No. 

t 

in. 

fv2 

*v2 

a 

B-ll 

100 

6 

b 

B-30 

100 

3 

75 

70 

B-31 

89 

6l 

B-32 

91 

101 

c 

B-6l 

100 

3* 

96 

108 

B-62 

96 

97 

B-63 

d 

B-U8 

55+ 

6 

e 

B-110 

B-lll 

65» 

6 

f 

B-77 

55+ 

3 

B-78 

B-79 

g 

B-93 

65t 

3 

88 

90 

B-91* 

B-95 

Beach  Row  2 

1976-  Readings 


•  Water-cement  ratio  (by  vt),  0.5;  that  of  all  other  specimens,  0.8. 
t  U5%  fly  ash  used  as  replacement  material. 

$  35%  natural  cement  used  as  replacement  material. 


(Sheet  2) 


(Revised  August  1977)  Section  5 

Table  1-CERL-FC 

Record  of  Testing  of  Concrete  Beams  for  CERL  Fibrous  Concrete  Program 

Installed  January  1973 

_ Rack  Row  3 


1975-  Readings 


Mix 

Beam 

Flaw 

Jan  1975 
0  cycles 

Jun  1975 

66  cycles 

1976 

212  cycles 

1977 

289  cycles 

_ 

No. 

No. 

in. 

%E 

fps 

lv2 

%E 

%sr2 

%E 

%v2 

%E 

1M2 

0-1 

0 

0 

100 

14,150 

100 

no 

161 

no 

102 

no 

94 

1 

0 

100 

14,000 

100 

io4 

i**5 

109 

104 

109 

87 

2 

0 

100 

13,855 

100 

105 

148 

++ 

3 

H.L.  * 

100 

13,01*0 

100 

## 

## 

tt 

1* 

1/16+ 

100 

13,1*35 

100 

*# 

#* 

++ 

5 

1/8 

100 

13,300 

100 

#* 

## 

tt 

0-2 

10 

0 

100 

13,1*35 

100 

102 

157 

103 

94 

105 

94 

11 

0 

100 

13,570 

100 

100 

158 

99 

100 

101 

94 

12 

0 

100 

13,1*35 

100 

101 

165 

tt 

13 

H.L. 

100 

13,300 

100 

101 

160 

tt 

l4 

1/16 

100 

12,51+5 

100 

85 

176 

tt 

15 

1/8 

100 

12,51*5 

100 

90 

156 

tt 

0-3 

20 

0 

100 

ll*,150 

100 

104 

153 

104 

104 

108 

94 

21 

0 

100 

ll*,300 

100 

104 

154 

105 

96 

109 

94 

22 

0 

100 

ll+,150 

100 

101 

157 

tt 

23 

H.L. 

100 

13,855 

100 

100 

168 

tt 

24 

1/16 

100 

13,1*35 

100 

79 

161 

tt 

25 

1/8 

100 

13,570 

100 

93 

150 

tt 

0-U 

30 

0 

100 

13,855 

100 

101 

155 

ill 

96 

111 

102 

31 

0 

100 

13,570 

100 

108 

154 

113 

106 

115 

89 

32 

0 

100 

13,855 

100 

102 

160 

tt 

33 

H.L. 

100 

13,1*35 

100 

102 

153 

tt 

31* 

1/16 

100 

13,01+0 

100 

100 

159 

tt 

35 

1/8 

100 

12,915 

100 

78 

170 

tt 

0-5 

1*0 

0 

100 

14,150 

100 

100 

161 

114 

112 

113 

98 

1*1 

0 

100 

14,150 

100 

103 

157 

104 

107 

109 

98 

1+2 

0 

100 

ll*,000 

100 

101 

171* 

tt 

1*3 

H.L. 

100 

13,855 

100 

97 

164 

tt 

1+1* 

1/16 

100 

13,170 

100 

77 

172 

tt 

45 

1/8 

100 

12,915 

100 

72 

158 

tt 

*  Hairline  crack. 

**  Unable  to  obtain  reading  in  June  1975. 
t  In  two  pieces. 

ft  Shipped  to  CERL  in  July  1976  for  laboratory  tests. 


(issued  May  1976) 

CERL  Fibrous  Concrete  Program 


Section  5 


In  January  1975*  30  concrete  beams  (3-1/2  by  U-l/2  by  l6  in.)  were 
installed  at  half-tide  elevation  on  the  exposure  rack  at  Treat  Island, 
Maine,  to  determine  the  effects  of  the  seawater  and  the  freezing  and 
thawing  action  on  the  flexural  strength  and  other  properties  of  various 
fiber  concretes.  Half  the  beams  were  cracked  for  testing. 

The  beams  were  made  from  five  different  concrete  mixtures  (6  beams 
per  mixture);  natural  coarse  (3/8- in.  max)  and  fine  aggregate  were  used 
in  all  mixtures.  All  mixtures  were  air-entrained  (admixture  A),  and  a 
water-reducing  admixture  (admixture  B)  was  used  in  all  mixtures.  Type 
III  portland  cement  was  used  in  the  amount  of  8.0  cwt  per  cu  yd  with  a 


water-cement  ratio  of  0.5  in  all  mixtures.  Concrete 

tabulated  below.  Table  1-CERL-FC  gives  the  exposure 

specimens. 

Concrete  Mixture  Data 

mixture  data  i 

record  of  the 

Mixture 

Type 

Fiber 

Length,  in. 

Slump, 

In. 

Air  Content 
% 

,  Fiber  Ratio 
by  Wt 

0-1 

A 

1/2 

0 

10.0 

0.01 

0-2 

B 

1 

1 

8.0 

0.02 

0-3 

C 

1 

8 

3.5 

0.05 

0-1+ 

D 

— 

0 

4.5 

0.05 

0-5 

E 

2-1/2 

7 

2.5 

0.05 

(issued  June  1959) 


Section  6 


Prestressed  Concrete  Program 


The  purpose  of  this  installation  is  to  develop  information  on  the 
effect  of  prestressing  on  the  durability  of  concrete  beams. 

In  October  1958,  l6  prestressed  (pretensioned)  concrete  beams  (4-1/2 
by  9  hy  8l  in.)  were  installed  at  half-tide  elevation  on  the  beach  at  Treat 
Island.  Each  beam  contains  nine  nominal  l/4-in.  (1  by  7)  strands  of  high- 
strength  steel  wire.  In  l4  of  the  1 6  beams  the  strands  were  tensioned  to 
approximately  70$  of  their  ultimate  strength  prior  to  placement  of  the 
concrete  around  them  (approximately  3  tons  each  strand);  the  strands  in 
the  other  two  beams  were  not  tensioned.  Each  of  these  l6  beams  contains 


four  sets  of  gage  points  with  which  strains  are  measured.  Twelve  of  the 
16  beams  are  loaded  flexurally  (third-point)  in  pairs.  Two  intensities  of 
loading  are  used;  in  one  case  the  compression  due  to  prestressing  is  just 
balanced  (10C$),  and  in  the  other  case  the  compression  is  exceeded  so  that 
approximately  200-psi  tension  exists  in  the  bottom  fibers  of  the  beams 
(108$).  The  other  four  beams  are  nonloaded  controls. 

The  concrete  mixtures  represented  both  air-entrained  (admixture  II) 
and  nonair- entrained  concrete  of  the  following  characteristics: 


Water- cement 
Ratio 
gal/bag 


Cement 


Nominal 

Compressive 

Strength 

psi 


Cement 
Factor 
bags/ cu  yd 


5.85-6.22  Type  III  (high-early) 


1-3/4  +  1/2  6. 1-6. 3 


The  aggregates  used  were  manufactured  limestone  sand  and  limestone  rock 
(3/4-in.  maximum  size). 

Table  1-PR  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

Eight  additional  prestressed  beams  (4-1/2  by  9  by  8l  in.)  are  ex¬ 
posed  in  the  laboratory  as  control  beams  (loaded  and  nonloaded). 

In  addition,  in  October  1958*  72  conventional  concrete  beams  (3-1/2 
by  4-1/2  by  l6  in. )  were  installed  on  the  Treat  Island  exposure  rack  to 
determine  the  field  durability  of  the  concrete  mixes.  These  beams  were 
fabricated  from  the  same  concrete  batches  (3  beams  from  each  of  24  batches) 
as  the  large  beams,  and  therefore  have  the  same  mixture  characteristics. 


r'l* 


Section  6  (issued  June  1959) 

Table  2-PR  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information . 

Companion  specimens  to  the  small  beams  (3-1/2  by  4-1/2  by  16  in.) 
were  subjected  to  free zing- and- thawing  tests  in  the  laboratory.  The  re¬ 
sults  of  these  tests  are  given  below: 


Batch 

No. 

Avg  $E 

at  300  Cycles 

1 

92 

2 

89 

3 

64 

4 

86 

5 

91 

6 

86 

7 

89 

8 

84 

9 

89 

10 

95 

11 

88 

12 

93 

Batch 

No. 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


Avg 

at  300  Cycles 


93 

90 

4 


3 

91 

70 

91 

91 

87 

89 

5 

5 


2 


(issued  May  1962) 


Section  6 


St.  Augustine  Installation  ( 1959) 

In  October  1959 >  three  prestressed  (pretensioned)  concrete  beams 
A-l/2  by  9  by  8l  in.)  were  installed  on  the  exposure  rack  at  St.  Augustine, 
Fla.  Each  beam  contains  nine  nominal  l/4-in.  (1  by  7)  strands  of  high- 
strength  steel  wire.  The  strands  in  all  three  beams  were  tensioned  to  ap¬ 
proximately  70 $  of  their  ultimate  strength  prior  to  placement  of  the  con¬ 
crete  around  them  (approximately  3  tons  per  strand).  Each  beam  also  con¬ 
tains  four  sets  of  gage  points  for  length  change  measurements.  At  instal¬ 
lation,  two  of  the  beams  were  yoked  together  and  loaded  flexurally  (third 
point)  until  cracks  appeared  in  both  beams.  The  other  beam  is  an  unloaded 
control . 


The  concrete  mixture  used  in  these  beams  was  air-entrained  (admixture 


M)  concrete  of  the  following  characteristics: 

Nominal 

Air 

Water -cement 

Compressive 

Cement 

Content 

Ratio 

Strength 

Factor 

Cement 

i 

psi 

Slump,  in. 

bags/cu  yd 

Type  III 

(high-early) 

k. 3-4.8 

5.85 

6000 

1-3 A  +  1/2 

6.00-6.03 

The  aggregates  used  were  manufactured  limestone  sand  and  limestone 
rock  (3A-in.  maximum  size). 

Table  3-H*  lists  these  specimens  and  gives  their  exposure  record. 

Posttensioned  Phase  (1961  Installation) 

The  primary  purpose  of  this  installation  is  the  exposure  testing  of 
end  anchorages  and  end-anchorage  protection  for  several  systems  of  post¬ 
tensioning.  While  not  being  introduced  as  variables  the  following  addi¬ 
tional  effects  will  be  observed  and  studied  in  the  beam  specimens: 

a.  Inability  of  thin  web  sections 

b.  Behavior  of  grout 

c.  Exposure  effects  on  posttensioning  steel  and  conventional 
reinforcing  steel 

d.  Effect  of  eccentricity  of  loading 


3 


Section  6 


(Issued  May  1962) 


In  June  1961,  20  posttensioned  beams  (nominal  size,  10-  by  16-  by 
96-in.)  were  installed  at  half -tide  elevation  on  the  beach  at  Treat  Island. 
These  beams  represent  four  typical  posttensioning  systems:  Systems  A  and  B 
(six  beams  each).  Systems  C  and  D  (four  beams  each).  Each  beam  contains 
one  sheathed  steel  tendon*  which  was  stressed  in  accordance  with  the  rec¬ 
ommendations  of  the  particular  system.  The  end-anchorage  components  of 
all  beams  are  provided  with  l-l/2  in.  of  cover.  This  cover  consists  of 
either  air-entrained  concrete,  sand-cement  mortar,  or  epoxy  concrete. 

The  concrete  beams  are  made  of  air-entrained  concrete  and  in  addition 
to  the  posttensioning  steel,  contain  steel  for  reinforcing.  Thiu  reinforc¬ 
ing  has  been  provided  with  3 A  +  lA  in.  of  cover. 

The  concrete  mixtures  in  the  test  beams  proper  (excluding  grout  and 
anchorage  protection)  have  the  following  characteristics: 


Cement 

Air 

Content 

* 

Water -cement 
Ratio 
(by  wt) 

Nominal 

Compressive 

Strength 

psi 

Slump,  in. 

Cement 
Factor 
bags/cu  yd 

Type  III 

(high-early) 

4. 0-5-0 

0.52  (5.85 

gal/bag ) 

6000 

1-1/2  to  2 

5.98-6.05 

The  aggregates  used  in  the  test  beams  proper  were  manufactured  lime¬ 
stone  sand  and  limestone  rock  ( 3 A- in.  maximum  size). 

The  concrete  mixtures  used  for  end -anchorage  protection  contained  the 


same  aggregates  and  have 

the  following  characteristics: 

Nominal 

Air 

Water- cement 

Compressive 

Cement 

Content 

Ratio 

Strength 

Factor 

Cement 

t 

(by  wt) 

psi 

Slump,  in. 

bags/cu  3 

Type  III 

(high-early) 

3.5-5.0 

0.80  (9.03 

gal/bag ) 

3000 

1-1/4  to  2 

3.90-3. # 

The  sand-cement  mortar  used  for  end-anchorage  protection  contained 
manufactured  limestone  sand  and  had  the  following  characteristics: 


*  All  tendons  except  that  of  beam  13  were  grouted. 


The  epoxy  concrete  used  for  end-anchorage  protection  contained  the 
same  limestone  aggregates  and  had  the  following  characteristics: 

Cement 
None 

The  steel  tendon  in  19  of  the  20  test  beams  was  pressure-grouted 
after  posttensioning  using  a  grout  of  the  following  characteristics: 


Max  Aggr 
Size,  in. 


Mixture  Proportions 

_ (by  wt) _ 

Epoxy  Coarse 

Binder: Sand: Aggregate 


28- day 

Compressive  Strength 


2.83:7.00:10.00 


9320-11,320 


Cement 


7-day  3-day 

Water-cement  Ratio  Compressive  Strength  Expansion 
(by  wt)  psi  1o 


Type  III  (high-early)  0.40-0.49  3640-7400 

(4.51-5-53  gal/bag) 


The  grout  used  for  beam  14  contained  a  natural  sand  ( 100fo  passing  No . 
30  sieve).  All  grouts  contained  a  small  amount  of  aluminum  powder. 

This  program  of  investigation  is  being  conducted  in  cooperation  with 
the  Reinforced  Concrete  Research  Council,  and  the  test  beams  and  variables 
were  designed  in  accordance  with  their  recommendations. 

Tables  4-PR,  5-PR>  and  6- PR  give  additional  information  and  exposure 
records  of  these  beams. 


O 
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Section  6 


(Issued  Sept  1967) 


Reports  Published 


Four  U.  S.  Army  Engineer  Waterways  Experiment  Station  reports  con¬ 
cerned  with  the  prestressed  concrete  program  have  been  issued  since  1958. 
These  reports  are  listed  below: 

a.  Roshore,  E.  C.,  "Durability  and  Behavior  of  Prestressed  Con¬ 
crete  Beams;  Pretensioned  Concrete  Investigation,  Progress 
to  July  i960,"  Technical  Report  No.  6-570,  Report  1, 

June  1961,  U.  S.  Army  Engineer  Waterways  Experiment  Station, 
CE,  Vicksburg,  Miss. 

b.  _ ,  "Durability  and  Behavior  of  Pretensioned- 

Prestressed  Concrete  Beams,"  Miscellaneous  Paper  No.  6-6ll, 
December  1963}  U.  S.  Army  Engineer  Waterways  Experiment 
Station,  CE,  Vicksburg,  Miss. 

c.  _ ,  "Durability  of  Prestressed  Concrete  Beams," 

Miscellaneous  Paper  No.  6-665,  July  1964,  U.  S.  Army  Engineer 
Waterways  Experiment  Station,  CE,  Vicksburg,  Miss. 

d.  _ ,  "Durability  and  Behavior  of  Pre stressed  Concrete 

Beams;  Posttensioned  Concrete  Investigation,  Progress  to 
July  1966,"  Technical  Report  No.  6-570,  Report  2,  March  1967, 
U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE, 
Vicksburg,  Miss. 


Section  6 


(Revised  Sept  1968) 
Table  1-PR 


Record  of  Testing  of  Large,  Prestressed  Beams 
Treat  Island  Exposure 
1938- _ (Installed  October  1958) 

_ _ _ _ _ _ _  Beach  Row  2  (W  to  E) 

_  1958-1  ijCl  Readings 

0  Cycles 


Beam* 

No. 

Type  Concrete 

Strands 

Pretensioned 

Loaded 

Flexurally,  $ 

Pulse 

Veloc 

fps 

150  Cycles,  1959 

Conditiont 

221  Cycles,  I960 

Cl'f~  Conditiont 

362  Cycles,  1961 

Conditiont 

3*# 

Air 

No 

0 

15,100 

100 

106 

2 

108 

1 

104 

3 

4 

Air 

No 

0 

15,235 

100 

106 

1 

107 

1 

105 

4 

7** 

Air 

Yes 

0 

15,270 

100 

102 

1 

103 

2 

103 

4 

8 

Air 

Yes 

0 

15,205 

100 

104 

1 

107 

2 

105 

4 

11** 

Air 

Yes 

108 

15,235 

100 

106 

1 

105 

1 

106 

4 

12 

Air 

Yes 

108 

15,135 

100 

105 

1 

106 

2 

106 

4 

13** 

Air 

Yes 

108 

15,170 

100 

104 

1 

104 

2 

109 

4 

14 

Air 

Yes 

108 

15,555 

100 

104 

1 

104 

2 

104 

4 

15 

Plain 

Yes 

108 

15,375 

100 

Failed 

16 

Plain 

Yes 

108 

15,375 

100 

Failed 

19** 

Air 

Yes 

100 

'  14,965 

100 

107 

1 

107 

2 

107 

4 

20 

Air 

Yes 

100 

15,205 

100 

106 

1 

108 

1 

105 

4 

21 

Air 

Yes 

100 

15,340 

100 

106 

1 

107 

2 

105 

3 

22** 

Air 

Yes 

100 

15,270 

100 

106 

1 

104 

1 

104 

3 

23 

Plain 

Yes 

100 

15,445 

100 

Failed 

24 

Plain 

Yes 

100 

15,590 

100 

Failed 

19&-1965  Readings 


451  Cycles 

557  Cycles 

fc92  Cycles 

855  Cycles 

1962 

1963 

1964 

1965 

p  Condi- 

P  Condi- 

2  Condi- 

#T  tiont 

tiont 

&V  tiont 

$yr  tiont 

3** 

Air 

No 

0 

105 

3 

111 

4 

100 

9 

103 

ft 

4 

Air 

No 

0 

104 

4 

111 

u 

157 

11 

105 

7** 

Air 

Yes 

0 

102 

4 

109 

4 

102 

18 

109 

8 

Air 

Yes 

0 

97 

3 

105 

4 

100 

12 

72 

11** 

Air 

Yes 

108 

99 

3 

107 

4 

99 

4 

104 

12 

Air 

Yes 

108 

96 

3 

107 

4 

100 

4 

105 

13** 

Air 

Yes 

108 

98 

3 

107 

4 

101 

6 

110 

14 

Air 

Yes 

108 

94 

3 

104 

1. 

103 

3 

104 

19** 

Air 

Yes 

100 

98 

3 

110 

4 

103 

4 

108 

20 

Air 

Yes 

100 

97 

3 

104 

3 

108 

3 

102 

21 

Air 

Yes 

100 

94 

3 

105 

3 

99 

3 

105 

22** 

Air 

Yes 

100 

96 

3 

119 

4 

100 

5 

99 

(Continued) 


For  purposes  of  comparison  with  the  results  of  tests  of  the  small  beams  listed  in  table  2 -PR,  it  should  be  noted  that 
the  beam  numbers  of  the  large  beams  are  also  their  batch  numbers. 

Tn  .rune  1963  epoxy  pads  were  removed  from  both  ends  of  one  beam  in  each  pair .  This  was  done  to  equalize  exposure  con¬ 
ditions  as  some  epoxy  pads  had  become  disengaged. 

The  condition  of  these  specimens  is  adjudged  either  annually  or  biennially  by  a  panel  of  observers.  The  beams  are 
examined  carefully  for  cracks,  cracks  bordered  by  iron  stain,  degree  of  surface  scaling  (light,  moderate,  or  heavy), 
rust  spots,  etc.,  and  a  numerical  value  of  condition  is  assigned  to  each  beam  based  on  the  severity  of  the  defects  ob- 
served.  A  numerical  value  of  0  denotes  perfect  condition;  all  beams  had  a  condition  rating  of  0  when  they  were  installed. 
The  higher  the  condition  numerical  rating,  the  greater  the  deterioration.  When  a  beam  breaks  in  two  due  to  load  or  ac¬ 
cumulates  a  condition  rating  of  100  It  is  considered  to  have  railed. 

Tn  1965  the  condition  of  the  specimens  was  not  rated  by  a  panel  of  observers. 


Loaded 

Strands  Flexurally 
Concrete  Pretensioned 


(Revised  Jan  1973) 

Table  1-PR  (Continued; 

Section  6 

Beach  Row  2  (W  to  E) 

JB13ElI3TTHi  K»1fl 


Failed  (Condition  rating  =  100) 

104  (Not  re loaded )§ 

1C6  100 

107  100 

Failed  (Condition  rating  =  100) 


107 

(Not  reloaded )§ 

106 

101 

106 

99 

Beach  Row 

1326  Cy 

cles,  1968 

1480  C; 

f cles ,  1969 

1633  Cycl< 

is,  1970 

1802  Cyi 

=les,  1971 

p2 

Condition 

Condition 

Condition 

‘fcv2 

Condition 

104 

11 

101 

8 

98 

5 

89 

5 

103 

3^  (Returned  to  laboratory  in  1968) 

100 

36 

100 

34 

96 

27 

Failed 

100 

104 

36  (Returned  to  laboratory 

in  1968) 

89 

6 

95 

7 

94 

14 

86 

20 

Failed 

100 

99 

4 

91 

7 

89 

7 

78 

12 

96 

19 

11 

27 

|| 

73 

Fai led 

100 

100 

6 

96 

4 

93 

5 

II  II 

6 

*  Satisfactory  pulse  velocity  readings  were  not  obtained  in  1966  due  to  malfunction  of  testing  equipment.  (Sheet  2) 

M  Channel  iron  on  all  loaded  beams  was  replaced  with  stainless  steel  channel  in  June  1967.  Pulse  velocity  readings  were 
therefore  taken  on  all  loaded  beams  before  unloading  and  after  reloading  with  stainless  steel  channel. 

9  Due  to  failure  of  companion  beam. 

§9  In  1967  the  condition  of  the  specimens  was  not  rated  *.v  a  panel  of  observers. 

||  End  of  specimen  was  too  rough  to  obtain  satisfactory  pu.se  velocity  reading. 

||  ||  Reading  could  not  be  obtained. 


(Issued  Jan  1973) 
Table  1~PR  (Concluded; 


Section  6 


3 

Air 

No 

0 

12 

Air 

Yes 

108 

14 

Air 

Yes 

108 

21 

Air 

Yes 

100 

22 

Air 

Yes 

100 

O 


#  Readings  discontinued  after  1971  inspection 


(Sheet  3; 


(Revised  Sept  1967) 
Table  2-PR 


Section  6 


Record  of  Testing  of  Small,  Conventional  Beams  Made  from  Same  Concrete  Batches  as  Large  Beams 

Treat  Island  Exposure 


1936- _ (Installed  October  1958) 


Exposure  Rack,  Row  3  (W  to  E) 


Readings 


0 

150 

■9V 

^52 

855 

985 

1141 

Cycles 

Cycle6 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Beam 

Batch 

1958 

1959 

i960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

Mo. 

Mo. 

Type  Concrete 

P 

-  P 

p 

P 

p 

P 

P 

P 

P 

6770 

1 

Air 

100 

108 

109 

102 

105 

106 

104 

104 

104 

104 

6772 

100 

105 

102 

97 

101 

102 

99 

99 

101 

102 

6774 

100 

104 

103 

98 

102 

101 

100 

100 

101 

103 

6776 

2 

Air 

100 

103 

101 

95 

98 

98 

97 

96 

94 

94 

6778 

100 

108 

105 

99 

102 

103 

100 

100 

100 

99 

6780 

100 

109 

106 

100 

103 

103 

99 

100 

101 

101 

6782 

3 

Air 

100 

106 

103 

98 

98 

98 

100 

99 

98 

100 

678U 

100 

107 

105 

99 

105 

106 

100 

100 

99 

99 

6786 

100 

108 

105 

98 

103 

103 

100 

99 

99 

100 

6788 

4 

Air 

100 

104 

102 

96 

100 

98 

97 

96 

97 

96 

6790 

100 

106 

105 

99 

101 

103 

99 

100 

101 

103 

6792 

100 

108 

106 

100 

103 

103 

101 

102 

103 

104 

6804 

5 

Air 

* 

6806 

100 

107 

105 

99 

103 

103 

99 

100 

100 

101 

6808 

100 

107 

105 

99 

102 

96 

98 

99 

97 

98 

6810 

6 

Air 

* 

6812 

100 

106 

103 

97 

100 

99 

95 

9U 

94 

95 

6814 

100 

105 

103 

98 

101 

101 

104 

101 

97 

98 

6816 

7 

Air 

100 

109 

103 

95 

97 

97 

94 

93 

91 

91 

6818 

100 

106 

101 

93 

93 

93 

91 

90 

88 

89 

6820 

100 

104 

100 

91 

92 

91 

87 

86 

86 

87 

6822 

8 

Air 

100 

104 

101 

95 

98 

96 

96 

94 

94 

93 

6824 

100 

101 

99 

93 

95 

88 

91 

91 

90 

91 

6826 

100 

104 

102 

96 

97 

91 

89 

88 

86 

86 

6828 

9 

Air 

100 

108 

105 

99 

99 

101 

97 

93 

95 

95 

6830 

100 

104 

101 

94 

107 

97 

92 

92 

90 

92 

6832 

100 

108 

106 

99 

101 

100 

96 

94 

93 

92 

6834 

10 

Air 

100 

106 

104 

97 

99 

98 

95 

94 

93 

93 

6836 

100 

105 

103 

97 

99 

98 

96 

94 

96 

96 

6838 

100 

109 

107 

101 

104 

106 

102 

100 

101 

100 

6846 

11 

Air 

100 

109 

106 

100 

103 

103 

101 

101 

101 

101 

6848 

100 

106 

104 

98 

100 

100 

94 

94 

92 

90 

6850 

100 

107 

105 

98 

99 

101 

94 

95 

93 

93 

6852 

12 

Air 

100 

108 

104 

97 

101 

99 

99 

97 

97 

97 

6854 

100 

107 

104 

98 

102 

100 

98 

97 

97 

97 

6856 

100 

106 

104 

98 

100 

99 

96 

95 

94 

93 

6858 

13 

Air 

100 

106 

103 

96 

98 

96 

95 

93 

91 

91 

6860 

100 

107 

104 

97 

100 

99 

96 

94 

94 

92 

6862 

100 

107 

105 

99 

103 

104 

102 

102 

103 

101 

6864 

14 

Air 

100 

106 

104 

100 

102 

102 

101 

99 

101 

99 

6866 

100 

108 

105 

99 

103 

102 

100 

100 

98 

98 

6868 

100 

108 

105 

99 

102 

102 

101 

99 

99 

99 

6870 

15 

Plain 

100 

107 

106 

100 

103 

101 

96 

9  2 

92 

93 

6872 

100 

104 

102 

97 

97 

101 

101 

100 

98 

98 

6874 

100 

105 

104 

98 

101 

101 

97 

96 

100 

94 

6876 

16 

Plain 

100 

105 

102 

92 

95 

94 

90 

90 

88 

89 

6878 

100 

104 

102 

94 

96 

96 

95 

91 

91 

93 

6880 

100 

106 

108 

101 

101 

98 

102 

96 

98 

98 

6882 

17 

Air 

100 

107 

105 

99 

103 

101 

101 

101 

101 

100 

6884 

100 

107 

106 

99 

102 

102 

101 

101 

102 

102 

6886 

100 

108 

105 

100 

103 

103 

101 

102 

101 

101 

6888 

18 

Air 

100 

107 

105 

100 

104 

102 

101 

101 

101 

102 

6890 

100 

106 

106 

100 

101 

103 

101 

100 

101 

101 

6892 

100 

109 

107 

101 

104 

107 

104 

104 

100 

99 

(Continued) 

*  Lost  overboard. 


(Sheet  1) 


Table  2-PR  (Continued) 


Section  6 


Concrete 

Hr 

Hr 

Hr 

Hr 

■>lain 

5lain 


__  _ Exposure  Rack,  Row  3  (W  to  E) 

1958-1967  Readings 


0 

150 

221 

- 3&— 

■fM 

692 

1141 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

985  Cycles 

Cycles 

1958 

1959 

i960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

HE 

He 

He 

He 

He 

HE 

HE 

HE 

HE 

100 

104 

103 

97 

99 

101 

97 

97 

97 

93 

100 

103 

101 

95 

98 

92 

97 

95 

96 

95 

100 

107 

105 

99 

103 

105 

103 

101 

102 

102 

100 

107 

105 

99 

104 

105 

104 

103 

108 

108 

100 

108 

105 

99 

104 

105 

104 

103 

104 

103 

100 

107 

105 

99 

102 

102 

102 

101 

103 

103 

100 

105 

103 

98 

101 

102 

96 

98 

100 

100 

100 

105 

104 

98 

101 

102 

99 

100 

101 

101 

100 

105 

103 

98 

101 

104 

101 

101 

97 

99 

100 

105 

103 

98 

102 

104 

103 

102 

102 

103 

100 

102 

101 

96 

99 

100 

100 

100 

100 

102 

100 

105 

103 

98- 

101 

102 

100 

100 

100 

101 

100 

108 

107 

99 

97 

91 

86 

87 

84 

87 

100 

109 

107 

95 

88 

80 

70 

65 

43  Failed 

100 

105 

104 

99 

100 

101 

104 

106 

106 

108 

100 

108 

106 

101 

103 

106 

106 

106 

106 

107 

100 

103 

100 

95 

95 

93 

95 

92 

90 

94 

100 

106 

103 

95 

92 

93 

86 

82 

48  Failed 

1968- 

Readings 

“1325  li+80  1633  lS02  1959  2099  2235  23  U7  2I93  2570 
Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles 


1968 

1969 

1970 

1971 

1972 

1973 

197*4 

1975 

1976 

1977 

He 

He 

P 

He 

£e 

*E 

%E 

He 

He 

He 

104 

102 

99 

95 

95 

104 

106 

108 

119 

130 

99 

100 

98 

95 

95 

l4l 

147 

147 

158 

108 

99 

101 

101 

99 

98 

145 

145 

146 

144 

144 

92 

94 

90 

88 

88 

93 

101 

103 

99 

103 

99 

98 

94 

92 

90 

94 

99 

102 

98 

104 

102 

98 

96 

91 

90 

101 

100 

101 

99 

110 

98 

98 

96 

91 

91 

91 

93 

95 

95 

95 

98 

96 

96 

91 

89 

91 

92 

94 

94 

110 

98 

98 

97 

95 

94 

90 

92 

96 

93 

92 

95 

95 

93 

95 

94 

89 

89 

92 

89 

92 

101 

101 

99 

101 

99 

95 

103 

103 

107 

109 

101 

105 

103 

98 

100 

100 

102 

106 

108 

100 

99 

99 

97 

90 

91 

89 

91 

91 

96 

98 

93 

96 

96 

90 

94 

89 

94 

95 

97 

84 

88 

93 

91 

91 

82 

82 

85 

86 

84 

80 

94 

98 

98 

88 

90 

92 

92 

93 

90 

74 

90 

87 

89 

83 

87 

78 

80 

80 

75 

70 

86 

84 

86 

84 

84 

79 

79 

79 

74 

59 

84 

82 

84 

82 

83 

75 

72 

74 

62 

87 

91 

86 

88 

88 

87 

87 

89 

89 

82 

64 

87 

83 

87 

74 

74 

83 

84 

86 

80 

79 

83 

83 

82 

88 

89 

76 

76 

79 

80 

80 

91 

89 

89 

79 

81 

83 

80 

82 

75 

60 

88 

84 

86 

74 

73 

71 

71 

73 

53 

136 

88 

84 

86 

85 

86 

86 

79 

81 

77 

117 

92 

88 

90 

92 

90 

84 

85 

85 

78 

88 

94 

91 

93 

87 

90 

85 

85 

89 

81 

90 

100 

97 

98 

95 

94 

90 

90 

92 

90 

86 

100 

95 

97 

88 

87 

85 

87 

89 

87 

82 

90 

88 

90 

84 

83 

76 

78 

78 

78 

90 

92 

88 

90 

90 

89 

87 

89 

90 

96 

93 

96 

89 

89 

92 

92 

92 

88 

97 

94 

94 

93 

90 

89 

86 

87 

89 

92 

89 

90 

92 

91 

82 

83 

84 

82 

83 

89 

105 

(Continued) 


(Sheet  2) 


(Revised  August  1977) 
Table  2- PR  (Continued) 


Section  6 


Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Beam 

Batch 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

No. 

No. 

Type  Concrete 

f,E 

.  t E 

u 

te 

fe 

*E 

*E 

*E 

6858 

13 

Air 

90 

90 

90 

87 

87 

85 

86 

88 

88 

89 

6860 

91 

90 

92 

99 

99 

88 

87 

88 

88 

90 

6862 

102 

101 

99 

96 

96 

102 

104 

104 

107 

109 

6861. 

14 

Air 

99 

96 

97 

90 

91 

95 

94 

96 

93 

93 

6866 

98 

98 

96 

90 

91 

90 

90 

91 

90 

85 

6868 

97 

96 

95 

97 

92 

90 

91 

93 

89 

90 

6870 

15 

Plain 

87 

85 

84 

Failed 

6872 

97 

95 

93 

Failed 

6874 

92 

90 

91 

Failed 

6876 

16 

Plain 

79 

77 

Failed 

6878 

79 

76 

Failed 

6880 

82 

79 

Failed 

6882 

17 

Air 

99 

97 

Disappeared  from  exposure  rack 

6884 

102 

100 

Disappeared  from  exposure  rack 

6886 

100 

96 

98 

97 

96 

99 

99 

100 

92 

99 

6888 

18 

Air 

102 

100 

97 

95 

94 

96 

96 

97 

97 

98 

6890 

100 

101 

99 

94 

93 

94 

95 

95 

95 

82 

6892 

102 

101 

104 

103 

102 

106 

107 

107 

103 

109 

6894 

19 

Air 

95 

92 

90 

88 

87 

89 

91 

92 

73 

80 

6896 

96 

96 

88 

87 

85 

85 

86 

87 

53 

111 

6898 

103 

101 

103 

100 

98 

109 

109 

108 

119 

84 

6900 

20 

Air 

108 

107 

105 

101 

98 

no 

no 

m 

120 

109 

6902 

105 

103 

102 

100 

99 

109 

104 

107 

107 

108 

6904 

101 

98 

101 

no 

in 

117 

116 

117 

121 

115 

6906 

21 

Air 

96 

92 

96 

107 

109 

114 

114 

114 

124 

103 

6908 

100 

102 

99 

105 

106 

113 

113 

114 

n8 

118 

6910 

101 

100 

95 

107 

in 

109 

117 

116 

U9 

113 

6912 

22 

Air 

103 

103 

101 

109 

108 

no 

111 

111 

U3 

103 

6914 

102 

100 

98 

108 

106 

113 

112 

112 

n4 

128 

6916 

101 

102 

100 

114 

113 

114 

115 

115 

U7 

117 

6918 

23 

Plain 

76 

74 

74 

94 

95 

115 

113 

114 

m 

112 

6922 

107 

Failed 

692U 

6926 


24 


Plain 


106  Failed 
92  Failed 


(Revised  Jan  1972) 
Table  3 -PR 


Section  6 


Record  of  Testing  of  Large,  Prestressed  Beams 
St.  Augustine  Exposure 
1999- _ (installed  October  1959) 


1099  - - ~T95g- 


Beam 

No.* 

Type 

Con¬ 

crete 

Strands 

Pre¬ 

tensioned 

Loaded 

Flex- 

urally 

t 

Pulse 

Velocity 

fps 

p2 

Max 
Crack 
Width 
l/lOOO  in. 

p2 

Max 
Crack 
Width 
l/lOOO  in. 

6 

Air 

Yes 

0 

14,900 

100 

0 

107 

0 

10 

Air 

Yes 

189 

15,065 

100 

10 

102 

10 

18 

Air 

Yes 

189 

14,935 

100 

5 

106 

5 

1962  1964  1966 


Beam 

No.* 

Type 

Con¬ 

crete 

Strands 

Pre- 

tensioned 

Loaded 

Flex- 

urally 

i i 

p2 

Max 

Crack 

Width 

1/1000 

in. 

P2 

Max 

Crack 

Width 

1/1000 

in. 

nt 

Max 

Crack 

Width 

1/1000 

in. 

6 

Air 

Yes 

0 

109 

0 

106 

0 

106 

0 

10 

Air 

Yes 

189 

101 

8 

99 

10 

109 

20 

18 

Air 

Yes 

189 

106 

5 

105 

15 

108 

40 

1968 

1970 

1971 

Beam 

No.* 

Type 

Con¬ 

crete 

Strands 

Pre¬ 

tensioned 

Loaded 

Flex- 

urally 

% 

lit 

Max 

Crack 

Width 

1/1000 

in. 

P2 

Max 

Crack 

Width 

1/1000 

in. 

Max 

Crack 

Width 

1/1000 

in. 

6 

Air 

Yes 

0 

87 

0 

94 

0 

0+ 

10 

Air 

Yes 

189** 

93+ 

20+ 

18 

Air 

Yes 

189** 

91+ 

45  (Failed  in  1968)+ 

*  Beam  numbers  of  these  large  beams  are  also  their  batch  numbers. 

**'  In  1968,  during  reloading  operation,  beam  18  failed,  releasing  the  load 
on  both  specimens.  This  pair  could  therefore  not  be  reloaded  to  proper 
load. 

t  Returned  to  laboratory  in  the  spring  of  1969. 

*  Testing  has  been  discontinued. 


(Revised  Sept  1970) 


Section  6 


Tatle  4-PR 

General  Information,  Posttensioned  Beams  at  Treat  Island 
(installed  June  1961) 


Type  of  End  Protection 
Post-  Total  Post-  _ (See  Notes  ) _ 


Beam  No. 

tensioning 

System 

Eccentricity- 

in. 

tensioning 
Force ,  lb 

Landward 

End 

Seaward 

End 

1 

A 

0 

84,000 

Flush  (l) 

Ext  (5) 

2 

A 

0 

85,000 

Ext  (4) 

Ext  (2) 

3 

A 

3 

80,000 

Ext  (3) 

Ext  (l) 

4 

A 

2 

83,000 

Ext  (7) 

Flush  (7) 

5 

A 

2 

82,000 

Ext  (6) 

Flush  (6) 

6 

A 

1 

84,000 

Flush  (9) 

Ext  (8) 

7 

B 

0 

70,000 

Ext  (l)t 

Flush  (1) 

8 

B 

2 

70,000 

Ext  (2) 

Ext  (4) 

9 

B 

3 

70,000 

Ext  (3)t 

Ext  (5) 

10 

B 

3 

70,000 

Flush  (6) 

Ext  (6) 

11 

B 

1 

70,000 

Flush  (7) 

Ext  (7) 

12 

B 

1 

70,000 

Ext  ( 8 ) 

Flush  (9) 

13* 

C 

0 

70,000 

Ext  (1) 

Ext  (3) 

14 

C 

1 

64,000 

Ext  (2) 

Ext  (4) 

15 

c 

3 

70,500 

Ext  (5) 

Ext  (6) 

16 

c 

2 

70,000 

Ext  (7) 

Ext  (8) 

17 

D 

3 

99,000 

Ext  (l)  + 

Ext  (3)t 

18 

D 

0 

99,000 

Ext  (4) 

Ext  (2) 

19 

D 

2 

99,000 

Ext  (5)t 

Ext  (6)t 

20 

D 

1 

99,000 

Ext  (8) 

Ext  (7) 

Note:  The  end-anchorage  protection  consists  of  cover  for  Flush  anchorages  and 
External  (Ext)  anchorages.  In  the  case  of  flush  anchorages  the  protec¬ 
tion  simply  fills  the  recess  in  the  end  of  the  beams.  For  external  an¬ 
chorages  the  protection  forms  an  extension  of  a  rectangular  section  cor¬ 
responding  to  the  outline  of  the  end  blocks  at  the  ends  of  the  beam.  The 
variables  are: 

(1)  Concrete  placed  against  a  cold  joint  with  no  surface  treatment 
and  no  reinforcement.  [Ext  (1)  and  Flush  "["l) ] 

(2)  Concrete  placed  against  a  cold  joint  with  no  surface  treatment 
but  with  reinforcement.  [Ext  (2)J 

(3)  Concrete  placed  against  a  bush-hammered  surface  and  with  no 
reinforcement.  [Ext  (3)1 

(4)  Concrete  placed  against  a  bush-hammered  surface  but  with 
reinforcement.  [Ext  (4)] 

(5)  Concrete  placed  against  a  surface  that  has  been  treated  with  a 
retarding  agent  and  no  reinforcement.  [Ext  (5)] 

f ■  )  Concrete  bonded  to  the  ends  of  the  beam  with  an  epoxy  adhesive 
and  no  reinforcement.  [Ext  (6)  and  Flush  (6)] 

')  .Epoxy  concrete  without  reinforcement.  [Ext  (7)  and  Flush  (7)1 
)  :p'  xy  concrete  with  reinforcement.  [Ext  (8)] 

I  -  -t.-ment  mortar  with  aluminum  powder  additive,  comparatively 
lry  -md  well  tamped.  [Flush  (9)J 

beam  was  an  unbonded  coated  tendon  (not  grouted), 
vi..  become  detached. 


(Revised  Sept  1969) 
Table  5 -PR 


Section  6  1 


Record  of  Testing  of  Posttensioned  Beams 
1961- _ (Installed  June  1961) 


_ _ _ _ _ Beach  Row  2  (W  to  K) 

0  Cycles,  1961 


Trans 

Pulse 

Veloc 

Long. 

Pulse 

Veloc 

89  Cycles.  106? 

195  Cycles, 

1963 

330  Cycles 

,  1964 

Beam 

if 

if 

_ if 

f _ 

itv2 

No. 

fps 

fps 

Condition* 

Trans  Long. 

Condition* 

Trans  Long.  Condition* 

Trans 

Long.  1 

Condition* 

1 

15,000 

100 

14,295 

100 

0 

116 

116 

17 

tt  us 

18 

134 

in 

25 

2 

17,375 

100 

15,020 

100 

0 

84 

104 

11 

106 

18 

213 

103 

24 

3 

l6,o4o 

100 

14,435 

100 

0 

117 

108 

18 

109 

23 

122 

106 

24 

4 

17,670 

100 

14,435 

100 

0** 

113 

112 

19 

115 

20 

231 

ni 

24 

5 

15,795 

100 

14,735 

100 

0 

117 

105 

17 

no 

28 

122 

104 

25 

6 

17,090 

100 

14,610 

100 

0 

100 

107 

12 

109 

22 

146 

106 

17 

7 

17,375 

100 

14,760 

100 

0** 

83 

104 

7 

109 

19 

196 

104 

20 

8 

16,290 

100 

14,575 

100 

ot 

98 

104 

20 

102 

31 

140 

93 

45 

9 

17,230 

100 

14,825 

100 

0** 

102 

109 

18 

108 

23 

176 

102 

24 

10 

17,670 

100 

15,105 

100 

0** 

95 

105 

14 

106 

21 

173 

105 

19 

11 

18,450 

100 

15,160 

100 

0** 

100 

101 

8 

105 

17 

182 

99 

12 

12 

17,820 

100 

14,840 

100 

0** 

88 

100 

16 

105 

25 

152 

102 

24 

13 

16,680 

100 

16,120 

100 

0 ** 

103 

85 

11 

103 

12 

152 

99 

16 

14 

17,230 

100 

14,720 

100 

0** 

83 

94 

25 

103 

38 

157 

98 

4l 

15 

17,975 

100 

14,625 

100 

0** 

111 

95 

15 

107 

18 

178 

103 

17 

16 

17,670 

100 

14,770 

100 

0** 

119 

103 

10 

108 

15 

156 

103 

13 

17 

17,670 

100 

14,790 

100 

0 

100 

78 

16 

99 

46 

153 

91 

50 

is 

17,820 

100 

14,020 

100 

0** 

70 

si 

8 

n3 

16 

123 

87 

22 

19 

18,785 

100 

14,950 

100 

0** 

88 

107 

12 

92 

15 

176 

104 

41 

20 

18,615 

100 

14,765 

100 

0** 

98 

105 

10 

107 

15 

192 

103 

16 

493 

Cycles,  1965 

623  Cycles,  1966 

779  Cycle 

s.  1967  9fc 

>4  Cycles.  1968 

2 

Trans 

Long . 

Condition 

Trans  Long . 

Condition  Trans 

Long. 

Condition  Trans 

Long .  C 

ondition 

1 

134 

121 

* 

tt  tt 

35 

139 

120 

*  131 

n6 

44 

2 

134 

101 

22 

92 

85 

98 

87 

27 

3 

145 

96 

38 

98 

85 

120 

8s 

44 

4 

126 

112 

29 

100 

115 

91 

103 

38 

5 

158 

72 

28 

106 

107 

106 

108 

28 

6 

14? 

115 

31 

98 

109 

88 

107 

33 

7 

131 

80 

29 

92 

103 

87 

76 

37 

8 

149 

95 

68 

95 

85 

99 

85 

68 

9 

111 

73 

4l 

88 

57 

91 

61 

47 

10 

129 

103 

25 

82 

81 

99 

so 

30 

11 

128 

102 

22 

95 

104 

108 

101 

22 

12 

104 

83 

4l 

98 

108 

106 

105 

42 

13 

118 

98 

30 

90 

100 

73 

103 

32 

14 

111 

146 

48 

98 

90 

96 

87 

54 

15 

122 

107 

25 

86 

84 

80 

85 

27 

16 

154 

113 

19 

80 

106 

89 

108 

26 

17 

139 

130 

74 

88 

117 

75 

119 

76 

18 

124 

83 

39 

57 

82 

79 

82 

45 

19 

112 

107 

48 

86 

51 

83 

56 

72 

20 

114 

109 

25 

87 

105 

84 

105 

26 

(Continued) 


»  The  condition  of  these  specimens  is  adjudged  by  a  panel  of  observers  either  annually  or  biennially  and  is  expressed  nu¬ 
merically.  The  observers  examine  and  rate  the  five  parts  of  each  beam,  which  are:  part  A  'landward  end  anchorage  protec¬ 
tion),  part  B  (bond  between  landward  end  anchorage  protection  and  part  c),  part  C  (beam  proper  including  web),  part  D 
(bond  between  seaward  end  anchorage  protection  and  part  c),  and  part  F  (seaward  end  anchorage  protection).  The  surface 

conditions  of  parts  A,  C,  and  E  are  rated  as  to  degree  (slight,  moderate,  or  heavy)  of  scaling,  spalling,  or  cracking.  Also 

the  number  of  rust  spots,  length  of  reinforcing  exposed,  number  of  cracks,  etc.,  are  noted.  Parts  P  and  p  are  rated  as  to 

the  tightness  of  the  bond,  if  there  is  a  separation,  etc.  The  score  of  the  five  parts  cf  the  beam  is  then  summed  to  give 

a  numerical  condition  rating  for  the  entire  beam.  A  rating  of  0  indicates  perfect  condition  and  although  a  score  for  fail¬ 
ure  of  the  entire  beam  has  not  as  yet  been  assigned,  a  score  indicating  failure  would  te  expressed  by  a  condition  rating 
of  the  order  of  150  to  200.  See  footnote  to  table  (>-PR  for  a  failing  score  for  beam  parts  A,  B,  D,  and  E. 

»«  These  beams  were  chipped  in  several  places  during  shipment  and  placement, 
t  This  beam  was  chipped  in  several  places  during  shipment  and  placement,  which  resulted  in  exposure  of  3  in.  of  reinforcing, 
tt  1963  transverse  readings,  1966  transverse  readings,  and  1966  longitudinal  readings  were  not  satisfactory  because  of  mal¬ 
function  of  testing  equipment. 

*  In  1965  and  1967  the  condition  of  the  specimens  was  net  rated  by  a  panel  of  observers.  (Sheet  l) 


(Revised  August  1977) 
Table  5 -PR  (Continued) 


Section  6 


Beach  Row  2  (W  to  E) 


■HQiU 

I 

i 

■  1  iiii  irrsEEB 

1440  Cycles, 

1971 

_ 1597  Cycles. 

1972 

1737  Cycles, 

1973 

Beam 

_ 4v ? _ 

Condi- 

it _ 

Condi- 

it 

Condi- 

it _ 

Condi- 

ft 

Wo. 

Trans 

Long. 

tion 

Trans  Long. 

tion 

Trans 

1  long. 

tion 

Trans  Long. 

tion 

Trans  Long. 

tion 

1 

128 

96 

26 

130 

94 

31 

93 

88 

26 

85 

84 

28 

§  $ 

29 

2 

98 

84 

31 

89 

87 

30 

60 

73 

33 

62 

75 

34 

37 

3 

105 

87 

33 

105 

90 

28 

79 

73 

26 

40 

66 

32 

22 

4 

100 

no 

26 

82 

111 

39 

57 

85 

36 

60 

88 

30 

31 

5 

112 

92 

23 

103 

94 

30 

73 

78 

33 

41 

65 

26 

21 

6 

92 

100 

23 

85 

101 

27 

62 

75 

28 

56 

70 

22 

31 

7 

87 

95 

31 

81 

96 

49 

60 

83 

48 

56 

80 

54 

45 

8 

108 

89 

67 

95 

90 

52 

71 

** 

49 

63 

u 

52 

47 

9 

89 

6o 

36 

79 

62 

53 

56 

** 

48 

34 

** 

39 

54 

10 

92 

80 

29 

82 

85 

29 

58 

** 

31 

33 

** 

34 

32 

11 

87 

79 

20 

7  6 

81 

26 

61 

62 

27 

43 

50 

18 

12 

12 

88 

64 

24 

81 

64 

30 

70 

77 

4o 

22 

65 

26 

4l 

13 

74 

73 

30 

76 

74 

27 

75 

** 

30 

37 

** 

21 

23 

14 

85 

97 

37 

82 

97 

35 

63 

64 

45 

48 

63 

36 

46 

15 

74 

98 

23 

69 

100 

26 

62 

69 

26 

26 

69 

24 

43 

16 

8l 

96 

21 

78 

98 

22 

70 

74 

20 

26 

95 

26 

19 

17 

72 

85 

69 

76 

99 

75 

64 

** 

70 

45 

** 

70 

70 

18 

76 

75 

50 

74 

88 

46 

66 

63 

42 

30 

76 

34 

4l 

19 

76 

** 

68 

74 

♦  ♦ 

71 

62 

** 

65 

37 

** 

69 

67 

20 

78 

97 

37 

83 

98 

34 

54 

77 

32 

56 

92 

30 

4l 

1877  Cycles. 

1974 

1985  Cycles. 

1975 

2131  Cycles, 

1976 

2208 

Cycles, 

1977 

ft 

Condi¬ 

^V2 

Condi- 

it _ 

Condi¬ 

_ it _ 

Condi¬ 

Trans  Long. 

tion 

Trans 

long. 

tion 

Trans  Long. 

tion 

Trans 

Long. 

tion 

1 

§  $ 

32 

w 

2 

40 

60 

60 

46 

53 

58 

47 

52 

54 

52 

3 

§§ 

83 

4 

35 

* 

114 

16 

** 

93 

35 

** 

39 

5 

30 

tt 

113 

24 

** 

104 

29 

** 

101 

4l 

6 

40 

68 

7 

53 

* 

85 

46 

** 

84 

56 

** 

74 

8 

54 

§§ 

50 

70 

57 

44 

54 

57 

59 

55 

55 

75 

9 

10 

62 

94 

38 

32 

95 

56 

29 

84 

64 

11 

22 

§§ 

4l 

12 

65 

65 

103 

29 

57 

93 

44 

57 

87 

13 

§§ 

64 

14 

51 

60 

67 

36 

53 

68 

55 

53 

59 

15 

§§ 

16 

41 

52 

m 

18 

46 

106 

40 

45 

90 

44 

17 

77 

§ 

§ 

72 

M 

** 

82 

** 

** 

93 

18 

47 

61 

86 

33 

47 

87 

60 

48 

80 

55 

19 

§§ 

20 

42 

51 

90 

32 

4l 

91 

50 

4l 

88 

55 

*♦  A  satisfactory  reading  vas  not  obtained. 

§  Satisfactory  pulse  velocity  readings  vere  not  obtained  in  1973  and  1974. 
§§  8hipped  back  to  Concrete  laboratory. 


(Sheet  2) 


(Revised  Sept  1968) 
Table  6-FR 


Seetion  6 


Posttensioned  Beams  (installed  June  1961) 
Summary  of  Condition  of  End -An chorale  Protection  I96I- 


Beach  Row  2 


Tyne  of 

Rro .  of 
Beam 

Avpr.arrp  Portion 

-X- 

End 

Ends 

0  Cycles 

89  Cycles 

195  Cycles 

330  Cycles 

493  Cycles 

Protection 

Used 

1961 

1962 

1963 

1964 

1965 

Flush  (1) 

2 

0 

0 

0 

1 

** 

Flush  (6) 

2 

0 

0 

0 

0 

Flush  (7) 

2 

0 

1 

1 

2 

Flush  (9) 

2 

0 

0 

1 

0 

0 

Ext  ( l) 

4 

0 

3 

6 

7 

Ext  (2) 

4 

0 

4 

6 

10 

Ext  (3) 

4 

0 

1 

4 

10 

Ext  (4) 

4 

0 

5 

6 

11 

•Ext  (5) 

4 

0 

1 

1 

0 

0 

Ex  ( 6) 

4 

0 

2 

4 

9 

Ext  7) 

4 

0 

0 

0 

1 

Ext  ( - , 

Took— 

4 

4o 

0 

0  0 

( Condition) 

l 

*  The  condition  of 

anchorage 

protection 

is  adjudged 

by  a  panel  of  ob- 

servers  either  annually  or  biennially;  the  condition  is  expressed  nu¬ 
merically.  The  observers  examine  and  rate  four  of  the  five  parts  of 
each  beam:  part  A  (landward  end  anchorage  protection ) ,  part  B  (bond  be¬ 
tween  landward  end  anchorage  protection  and  beam),  part  D  (bond  between 
seaward  end  anchorage  protection  and  beam),  arid  part  E  (seaward  end 
anchorage  protection).  The  condition  rating  for  any  one  type  of  end 
protection  is  the  sum  of  the  scores  of  parts  A  and  B  or  parts  D  and  E. 

A  rating  of  0  indicates  perfect  condition  while  a  rating  of  28  is  equal 
to  failure  for  an  end  protection.  The  average  condition  rating  shown 
for  a  given  type  of  end  protection  is  the  average  score  for  all  protec¬ 
tion  of  that  type  in  this  program. 

**  In  1985  the  condition  of  the  specimens  was  not  rated  by  a  panel  of 

observers.  (Sheet  l) 


(Revised  Jan  1973  ) 


Table  6-PR  (Continued)  Section  6 

Beach  Row  2 


No.  of  Average  Condition 


Beam 

Ends 

Used 

623 

Cycles 

1966 

779 

Cycles 

1967 

- 9^4 - 

Cycles 

1968 

1118 

Cycles 

1969 

1271 

Cycles 

1970 

1440 

Cycles 

1971 

Flush 

(1) 

2 

2 

tt 

2 

0 

0 

2 

Flush 

(6) 

2 

0 

0 

0 

0 

0 

Flush 

(7) 

2 

2 

2 

4 

2 

6 

Flush 

(9) 

2 

2 

2 

0 

0 

0 

Ext 

(1) 

4 

lit 

12 1 

13+ 

16* 

17* 

Ext 

(2) 

4 

11 

12 

14 

10 

12 

Ext 

(3) 

4 

lot 

12 1 

l4t 

l6t 

13* 

Ext 

(*) 

4 

13 

15 

15 

12 

14 

Ext 

(5) 

4 

2 

9+ 

lot 

9t 

lit 

Ext 

(6) 

4 

9+ 

9+ 

12 1 

lot 

12t 

Ext 

(7) 

4 

1 

1 

4 

2 

5 

Ext 

(8) 

4 

4 

4 

4 

4 

10 

Total  40 


_ (Continued) _ 

t  One  end  protection  has  failed. 

tt  In  1967  the  condition  of  the  specimens  was  not  rated  by  a  panel  of 
observers. 

♦  Two  end  protections  have  failed.  (Sheet  2) 


(Revised  August  1977) 


Table  6-PR  (Continued)  Section  6 

_  Beach  Row  2 


Type  of 
End 

Protection 

No.  of 
Beam 
Ends 
Used 

Average  Condition 

1597 

Cycles 

1972 

1737 

Cycles 

1973 

1873 

Cycles 

1974 

1985 

Cycles 

1975 

2131 

Cycles 

1976 

2208 

Cycles 

1977. 

Flush  (l) 

2 

2 

1 

5 

3§ 

4§ 

6§ 

Flush  (6) 

2 

0 

0 

6 

0 

1 

0 

Flush  (7) 

2 

4 

2 

5 

1§ 

6§ 

6§ 

Flush 

(9) 

2 

0 

0 

7 

2§ 

3§ 

0§ 

Ext 

(1) 

4 

16 

17 

** 

Ext 

(2) 

4 

10 

10 

12 

12 

15 

12 

Ext 

(3) 

4 

16 

16 

** 

Ext 

(4) 

4 

12 

18 

14 

13 

17 

15 

Ext 

(5) 

4 

10 

14 

** 

Ext 

(6) 

4 

14 

17 

** 

Ext 

(7) 

4 

4 

4 

6 

3§§ 

4§§ 

4§§ 

Ext 

(8) 

4 

4 

11 

14 

7§§ 

9§§ 

8§§ 

Total  40 


**  Data  incomplete;  beams  were  shipped  back  to  concrete  laboratory. 
§  Based  on  1  beam  end. 

§§  Based  on  3  beams  ends. 


(Sheet  3) 


(Issued  May  1976) 


Section  7 


WES  Fibrous  Concrete  Program 

In  July  1975*  50  concrete  beams  were  installed  at  half-tide  eleva¬ 
tion  on  the  exposure  rack  at  Treat  Island,  Maine,  to  determine  the  ef¬ 
fects  of  sea  water  and  freezing  and  thawing  action  on  the  flexural 
strength  and  other  properties  of  various  fiber  concretes. 

The  beams  were  made  from  nine  different  mixtures.  The  fine  and 
coarse  aggregates  were  manufactured  limestone  sand  and  3/4-in.  maximum 
limestone,  respectively.  All  mixtures  contained  a  water-reducing  ad¬ 
mixture  (admixture  B),  and  five  mixtures  contained  an  air-entraining 
admixture  (admixture  A).  Type  II  Portland  cement  was  used  in  the  amount 
of  7.89  cwt  per  cu  yd  except  for  mixtures  N  and  0,  which  contained 

11.0  cwt  per  cu  yd.  The  water  cement  ratio  was  0.45  for  all  mixtures. 

The  number  and  types  of  beams  exposed  are:  twelve  6  by  6  by  30  in., 

twenty-one  6  by  6  by  36  in. ,  and  seventeen  9  by  9  by  1+5  in.  The  9  by  9  by 

45-in.  beams  were  yoked  and  stressed  by  third-point  loadings  to  working 
loads  of  35  percent  of  ultimate.  Table  1-WES-FC  gives  the  exposure  rec¬ 
ord  of  the  specimens.  More  mixture  data  are  tabulated  below: 


Concrete 

Mixture 

Data 

Mixture 

Type 

Fiber 

Length,  in. 

Slump, 

in. 

Air  Content 
% 

Fiber  Ratio 
by  Wt 

H 

None 

5  3/4 

2.5 

I 

C 

3/4 

2  1/2 

1.8 

0.04 

J 

None 

— — 

7 

8.5 

— 

K 

C 

3/4 

4 

8.5 

0.04 

L 

A 

1 

2 

1.9 

0.04 

M 

A 

1 

3 

7.0 

0.04 

N 

D 

1 

1 

3.6 

0.01 

0 

D 

1 

2 

7.0 

0.01 

P 

B 

1 

2  3/4 

7.0 

0.04 

(Revised  August  1977) 
Table  1-VES-FC 


Section  7 


Record  of  Testing  of  Concrete  Beams  for  WES  Fibrous  Concrete  Program 
Installed  July  1975 


Rack  Rows  >4  and  6 


1975- _ Readings 


Bean  No. 

Load,  lb 

s_ 

fpa 

fid 

fid 

fid 

9-  by  9-  by  U5-in. 

Beams 

H-3 

2720 

» 

16,095 

100 

• 

103 

• 

102 

1-1 

U3U0 

15,560 

97 

97 

1-3 

16,375 

101 

98 

J-l 

16,315 

103 

102 

J-3 

16,590 

106 

105 

K-l 

16,590 

106 

102 

K-3 

16,260 

103 

100 

L-l 

16,520 

96 

93 

L-3 

16,305 

99 

101 

M-l 

lit,  590 

98 

99 

M-3 

15,060 

101 

100 

N-l 

lit,  765 

108 

103 

N-3 

lit, 705 

103 

103 

0-1 

lit, 150 

108 

107 

0-3 

lit,  370 

106 

105 

P-1 

llt,9lt0 

106 

103 

P-2 

1 

15,2lt5 

109 

105 

6-  by  6-  bv  30-in. 

Beams 

H-7 

None 

100 

16,235 

100 

98 

105 

106 

103 

H-6 

15,725 

102 

105 

109 

100 

H-15 

15,825 

106 

107 

110 

101 

H-16 

15,825 

102 

108 

108 

99 

1-8 

15,925 

120 

105 

116 

97 

K-8 

16,970 

109 

109 

125 

99 

L-7 

16,130 

9U 

108 

109 

100 

L-8 

16,130 

103 

108 

103 

101 

M-7 

16,125 

100 

102 

103 

9U 

0-8 

13,890 

100 

103 

103 

101 

0-16 

15,265 

88 

110 

97 

100 

P-8 

16,705 

106 

105 

106 

100 

6-  by  6-  bv 

36- in. 

Beams 

1-7 

None 

100 

15,875 

100 

119 

103 

96 

98 

1-15 

16,130 

105 

109 

llfc 

102 

J-7 

16,695 

103 

106 

112 

99 

J-8 

16,695 

109 

106 

118 

96 

J-15 

16,695 

100 

106 

100 

97 

J-l6 

16.565 

115 

109 

106 

103 

K-7 

16,780 

103 

106 

109 

98 

K-l  5 

16,565 

106 

106 

103 

101 

K-16 

16,285 

102 

109 

100 

102 

L-15 

16,635 

10U 

106 

108 

101 

L-l6 

16,635 

103 

103 

106 

100 

M-8 

16,085 

205 

109 

210 

99 

M-15 

15,075 

100 

106 

109 

99 

M-16 

16,850 

112 

109 

109 

102 

N-7 

16,150 

118 

105 

106 

109 

N-8 

16,085 

112 

102 

12U 

99 

FI-15 

16,020 

109 

106 

112 

101 

N-16 

16,020 

100 

110 

112 

102 

0-7 

13,825 

106 

110 

109 

103 

0-15 

12,710 

97 

108 

103 

102 

P-7 

16,635 

109 

107 

109 

98 

Jul  1975 

1976 

1977 

0  Cycles 

1U6  Cycles 

223  Cycles 

*  Loaded  beans  not  tested  for  %I, 


(Revised  Sept  1968) 


Section  8 


Cement-Replacement  Materials  Investigation,  Phase  D* 


In  October  1958»  75  concrete  cores  (10  in.  in  diameter  by  20  in. 
long)  -were  installed  on  the  Treat  Island  exposure  rack  as  a  part  of 
Phase  D  of  the  Cement -Replacement  Materials  Investigation.  The  purpose  of 
this  installation  is  to  determine  the  durability  of  mass  concrete  of  sev¬ 
eral  cement  factors  containing  certain  cement -replacement  materials.  The 
cores  were  diamond -drilled  from  twenty-five  1000-cu-ft  mass  concrete  blocks 
(3  core  sections  per  block)  which  were  fabricated  as  a  part  of  this 
investigation. 

Also  in  October  1958,  20  mass  concrete  cubes  (8  cu  ft)  were  installed 
at  half-tide  elevation  on  the  beach  at  Treat  Island.  These  cubes  were  com¬ 
panion  specimens  to  18  of  the  25  large  blocks,  and  therefore  to  5^  of  the 
75  cores.  Cubes  numbered  10  and  10A  are  duplicates,  as  are  11  and  11A. 
Successful  completion  of  the  laboratory  heat  studies,  for  which  the  cubes 
were  originally  made,  required  that  two  additional  cubes  (10A  and  11A)  be 
fabricated.  This  provided  the  two  additional  cubes  for  this  field  expo¬ 
sure,  making  a  total  of  20  cubes  instead  of  18. 

The  aggregates  used  in  these  concrete  specimens  were  limestone  rocx 
(6-in.  maximum  size)  and  manufactured  limestone  sand. 

Table  1-CRMI-FD  lists  the  concrete  cores  and  gives  their  exposure 
record  along  with  mixture  data;  table  2-CRMI-PD  gives  the  same  information 
for  the  concrete  cubes . 


See  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Investigation 
of  Cement-Replacement  Materials;  Performance  of  Various  Materials  in  Mass 
Concrete,  Field  Study  (Phase  D),  Miscellaneous  Paper  No.  6-123,  Report 
No.  6  (Vicksburg,  Miss.,  May  1957)- 


(Revised  Aug  1963) 

Table  1-0*11 -PD 

Mixture  Data  and  Record  of  Testing  of  Corea  from  Cement -replacement  Materials  Investigation, 


Section  8 


Phase  D,  1958" _ (installed  October  1938) 


Exposure  Rack,  Row  4,  West  to  East 
1956-1962  Readings  _ 


Core 

No. 

Cementitious  Mat’l 
Type  IT  Replace - 

Portland  ment 

Cement  Material 

* _  i _ 

Nominal 
Cement 
Factor 
bags/ 
cu  yd 

Water- 
cement 
Ratio 
by  Wt» 

Air 

Content 

Jte 

0  Cycles 
1958 

Pulse 

Veloc 

fps 

fif 

150 

Cycles 

-Mg-, 

JE  SL 

221 

Cycles 

i960 

Ji  2y f 

362 

Cycles 

1961 

<E  tV2 

*51 

Cycles 

1962 

<E 

IT 

100 

0 

1-3/4 

0.93 

6.1-6.6 

100 

13,950 

100 

91 

105 

89 

106 

80 

98 

82 

102 

1M 

100 

14,910 

100 

102 

100 

102 

100 

92 

93 

91 

85 

IB 

100 

14, 570 

100 

95 

102 

96 

101 

92 

100 

90 

93 

2T 

65 

Nat  cem 

1-3/4 

0.96 

1.7-8. 2 

100 

14,965 

100 

80 

98 

81 

100 

81 

79 

58 

t 

2M 

35 

100 

14,480 

100 

84 

95 

89 

97 

89 

102 

77 

95 

2B 

100 

15,675 

100 

91 

93 

96 

92 

89 

91 

91 

90 

3T 

70 

Cal  sh 

1-3A 

1.01 

5. 3-5.8 

100 

14,920 

100 

116 

95 

112 

93 

105 

83 

105 

t 

3M 

30 

100 

15,725 

100 

95 

88 

113 

91 

96 

85 

107 

t 

3B 

100 

16,190 

100 

98 

92 

101 

96 

96 

92 

99 

32 

4T 

88 

Unc  D 

1-3/4 

0.98 

5. 4-6. 4 

100 

14,875 

100 

100 

95 

91 

95 

83 

f? 

93 

t 

um 

12 

100 

16,580 

100 

99 

89 

95 

92 

90 

84 

103 

72 

4B 

100 

14,700 

100 

101 

102 

100 

103 

92 

100 

106 

90 

5T 

100 

0 

2-1/4 

0.73 

3-9-6. 1 

100 

16,020 

100 

98 

98 

97 

96 

89 

102 

90 

52 

5M 

100 

17,160 

100 

93 

92 

94 

100 

86 

90 

88 

98 

5B 

100 

15,240 

100 

103 

102 

99 

113 

96 

no 

97 

112 

6t 

75 

Pumicite 

2-1/4 

0.77 

5.7-7. 4 

100 

14,975 

100 

100 

86 

us 

89 

106 

95 

no 

35 

6m 

25 

100 

16,140 

100 

99 

91 

103 

95 

96 

91 

90 

87 

6b 

100 

17,835 

100 

99 

80 

103 

82 

97 

81 

92 

77 

rr 

50 

Slag 

2-1/4 

0.76 

4. 7-6. 6 

10 0 

16,395 

100 

110 

93 

107 

96 

95 

96 

98 

50 

7M 

50 

100 

17,185 

100 

111 

89 

102 

91 

92 

89 

96 

92 

7B 

100 

17,125 

100 

104 

87 

107 

97 

98 

100 

100 

ni 

8T 

65 

Nat  cem 

2-1/4 

0.76 

5. 7-6. 4 

100 

15,245 

100 

108 

100 

109 

101 

101 

no 

94 

104 

8M 

35 

100 

16,135 

100 

91 

94 

92 

96 

84 

98 

87 

102 

3b 

100 

15,195 

100 

88 

110 

97 

ni 

87 

119 

91 

119 

gfT 

70 

Cal  sh 

2-1/4 

0.79 

5-9-6. 3 

100 

15,385 

100 

102 

93 

93 

86 

Broken  in 

handling 

9M 

30 

100 

15,580 

100 

78 

96 

so 

98 

70 

104 

76 

99 

9B 

100 

16,080 

100 

104 

89 

113 

93 

102 

103 

98 

91 

10T 

88 

Unc  D 

2-1/4 

o.ao 

5. 5-6.2 

100 

15,195 

100 

101 

112 

102 

120 

96 

100 

90 

88 

10M 

12 

100 

15,380 

100 

93 

96 

99 

102 

90 

106 

87 

no 

10B 

100 

15,435 

100 

105 

95 

105 

100 

98 

100 

98 

101 

11T 

70 

Ply  ash 

2-1/4 

0.73 

5- 5-6. 2 

100 

16,345 

100 

106 

93 

112 

89 

105 

93 

100 

t 

11M 

30 

100 

17,805 

100 

91 

80 

87 

81 

84 

77 

99 

49 

11B 

100 

16,345 

100 

111 

94 

115 

101 

106 

106 

103 

t 

12T 

100 

0 

3 

0.55 

6. 3-7. 4 

100 

14,990 

100 

104 

96 

106 

114 

93 

no 

97 

100 

131 

100 

16,140 

100 

95 

93 

94 

103 

89 

98 

89 

ns 

12B 

100 

14,990 

100 

102 

102 

102 

114 

96 

ns 

94 

n7 

1JT 

75 

Pumicite 

3 

0.58 

6. 2-7. 6 

100 

15,480 

100 

104 

93 

109 

99 

106 

102 

108 

77 

1* 

25 

100 

16,395 

100 

115 

100 

124 

101 

112 

108 

112 

n3 

13B 

100 

16,135 

100 

104 

91 

106 

93 

98 

98 

100 

113 

14T 

50 

Slag 

3 

0.60 

5.8-6. 3 

100 

16, 840 

100 

107 

91 

no 

96 

100 

96 

99 

52 

14M 

50 

100 

16,580 

100 

102 

91 

106 

99 

99 

92 

96 

104 

14B 

100 

17,565 

100 

105 

76 

104 

77 

96 

82 

97 

87 

15T 

65 

Nat  cem 

3 

0.56 

6. 5-8.7 

100 

15,875 

100 

99 

98 

100 

100 

95 

100 

96 

104 

l* 

35 

100 

16,415 

100 

97 

96 

99 

105 

91 

100 

93 

106 

15B 

100 

16,625 

100 

91 

92 

97 

97 

87 

92 

88 

U3 

16T 

75 

Cal  sh 

3 

0.59 

5.7-7.4 

100 

16,125 

100 

99 

93 

99 

95 

91 

98 

97 

40 

16M 

25 

100 

16,090 

100 

86 

91 

87 

103 

78 

102 

82 

96 

16b 

100 

15,425 

100 

100 

96 

107 

105 

96 

104 

94 

82 

(Continued) 


Hote:  Hat  cam  -  natural  cement;  cal  sh  ■  calcined  shale;  unc  D  •  uncalcined  diatomite;  slag  ■  blast-furnace  slag. 
*  Ratio  of  water  to  cementitious  material  based  on  total  weight. 

**  Air  content  of  that  portion  of  the  concrete  containing  aggregate  smaller  than  1-1/2  in.  In  site, 
t  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 


(Sheet  1) 


(Revised  Sept  1968) 
Table  1-CHMI-PD  (Continued) 


Section  8 


^  _ Exposure  Rack,  Row  4  (W  to 

1958-I962  Readings 


Core 

No. 

Cementitious  Mat'l 
Type  II  Replace - 

Portland  ment 

Cement  Material 

_  * _ 

Nominal 
Cement 
Factor 
bags/ 
cu  yd 

Water - 
Cement 

Ratio 
by  Wt 

Air 

Content 

* 

JE 

0  Cycles 

4958 

Pulse 

Veloc 

fps 

*V2 

150 

Cycles 

1959 

to  p2 

221 

Cycles 

I960 

tV2 

362 

Cycles 

1961 
te  iv2 

451 

Cycles 

1962 

te  iv2 

ITT 

92 

Unc  D 

3 

0.55 

5. 3-7. 4 

100 

16,560 

100 

98 

96 

103 

101 

99 

104 

96 

121 

17M 

8 

100 

17,200 

100 

92 

94 

95 

96 

87 

98 

83 

98 

1TB 

100 

15,925 

100 

95 

104 

96 

103 

87 

106 

88 

108 

18T 

70 

Fly  ash 

3 

0.55 

6. 1-7.7 

100 

15,675 

100 

100 

100 

102 

104 

93 

108 

89 

110 

18m 

30 

100 

16,675 

100 

101 

96 

105 

100 

98 

100 

96 

100 

18b 

100 

16,560 

100 

111 

94 

114 

97 

107 

98 

108 

106 

19T 

100 

0 

4 

0.42 

6. 9-7.9 

100 

16,020 

100 

103 

100 

105 

100 

95 

104 

95 

106 

19M 

100 

16,750 

100 

9T 

94 

98 

103 

91 

104 

90 

109 

19B 

100 

16,575 

100 

100 

92 

100 

97 

93 

100 

92 

109 

20T 

75 

Pumicite 

4 

0.45 

5- 7-8. 5 

100 

16,445 

100 

112 

93 

114 

95 

107 

100 

110 

106 

20M 

25 

100 

16,300 

100 

110 

94 

114 

106 

106 

102 

107 

104 

20B 

100 

16,  395 

100 

110 

93 

114 

96 

105 

89 

107 

106 

21T 

50 

Slag 

4 

0.44 

5. 4-6. 8 

100 

16,170 

100 

100 

95 

110 

99 

101 

100 

99 

100 

2m 

50 

100 

15,375 

100 

95 

102 

106 

111 

100 

104 

98 

106 

21B 

100 

16,720 

100 

104 

94 

10J 

97 

99 

100 

98 

98 

22T 

80 

Nat  cem 

4 

0.43 

3-9-7 .4 

100 

15,295 

100 

100 

104 

68 

102 

67 

102  Bkn 

in  handling 

22M 

20 

100 

16,140 

100 

92 

91 

93 

107 

86 

94 

86 

106 

22B 

100 

16, 840 

100 

9T 

91 

98 

96 

99 

94 

94 

102 

23T 

80 

Cal  sh 

4 

0.45 

4. 5-6.1 

100 

16, 185 

100 

100 

93 

104 

100 

95 

88 

99 

58 

23M 

20 

100 

16,700 

100 

9T 

87 

103 

98 

94 

96 

95 

106 

23B 

100 

16,610 

100 

101 

91 

101 

97 

94 

98 

94 

106 

24T 

94 

Unc  D 

4 

0.42 

6. 5-7.8 

100 

15,335 

100 

102 

100 

103 

107 

95 

112 

96 

117 

24m 

6 

100 

15,240 

100 

102 

104 

106 

115 

97 

112 

97 

108 

24B 

100 

16,460 

100 

99 

94 

100 

105 

92 

100 

93 

104 

25T 

70 

Fly  ash 

4 

0.44 

6. 3-8.6 

100 

15,525 

100 

105 

91 

10T 

95 

96 

95 

94 

102 

25M 

30 

100 

16, op 

100 

109 

93 

114 

104 

110 

100 

93 

100 

25B 

100 

16,490 

100 

106 

91 

109 

96 

100 

96 

101 

104 

Exposure  Rack,  Row  4  (W  to  E) 


1963- 1968  Readings 


557 

592 

555 — 

985 

1141 

1326 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1963 

1964 

1965 

1966 

1967 

1968 

.Jte  it 

ft  Itv2 

fe  16V2 

IT 

100 

0 

1-3A 

0.93 

6. 1-6. 6 

80 

87 

80 

77 

64 

t 

37F 

t 

1M 

NR 

84 

NR 

t 

NR 

t 

Failed 

IB 

88 

103 

77 

83 

68 

108 

64 

70 

57 

66 

57 

t 

2T 

65 

Nat  cem 

1-3/4 

0.96 

1-7-8. 2 

41P 

t 

2M 

35 

NR 

96 

NR 

t 

74 

t 

Failed 

2B 

NR 

76 

NR 

67 

95 

103 

88 

t 

82 

t 

82 

t 

3T 

70 

Cal  sh 

1-3/4 

1.01 

5- 3-5.8 

NR 

t 

NR 

t 

Fai  led 

3M 

30 

109 

t 

NR 

t 

NR 

t 

Failed 

3B 

NR 

51 

67 

t 

75 

t 

Failed 

4t 

88 

Unc  ID 

1-3/4 

0.98 

5. 4-6. 4 

37F 

t 

4m 

12 

NR 

t 

NR 

t 

89 

t 

Failed 

4b 

87 

103 

NR 

90 

98 

t 

Failed 

5T 

100 

0 

2-1/4 

0.73 

3. 9-6.1 

89 

99 

87 

104 

86 

108 

82 

43 

75 

42 

75 

98 

5M 

86 

105 

86 

101 

77 

107 

77 

80 

71 

38 

73 

73 

5B 

97 

109 

88 

115 

88 

127 

85 

4i> 

64 

49 

64 

95 

6t 

75 

Pumicite 

2-1/4 

0.77 

5- 7-7-4 

89 

33 

NR 

66 

109 

t 

132 

t 

Failed 

6m 

25 

72 

88 

71 

39 

54 

t 

Failed 

6b 

NR 

66 

75 

70 

79 

t 

53 

t 

Failed 

7T 

50 

Slag 

2-1/4 

0.76 

4. 7-6.6 

86 

4l 

81 

t 

79 

t 

Failed 

TK 

50 

NR 

29 

70 

66 

67 

f 

Failed 

7B 

99 

105 

87 

97 

81 

97 

87 

87 

73 

74 

70 

71 

(Continued) 


J 


Note:  NR  denotes  satisfactory  reading  was  not  obtained  although  an  attempt  was  made  to  obtain  a  satisfactory  reading. 

F  denotes  specimen  failed. 

t  End  of  specimen  too  rough  to  obtain  satisfactory  reading.  (Sheet  2) 


(Revised  Sept  19^9) 
Table  1-CRMI-PD  (Continued) 


Section  8 

Exposure  Rack,  Row  4  (W  to  £) 


Core 

Wo. 

Cementitious  Mat'l 
Type  II  Replace- 

Portland  ment 

Cement  Material 

* _ 

Nominal 
Cement 
Factor 
bags  / 
cu  yd 

Water - 
Cement 

Ratio 
by  vt 

Air 

Content 

i 

8t 

8m 

8b 

65 

Nat  cem 

35 

2-1/4 

0.76 

5.T-6.4 

9M 

9B 

TO 

Cal  sh 

30 

2-1/4 

0.T9 

5.9-6. 3 

10T 

10M 

10B 

88 

Unc  D 

12 

2-1/4 

0.80 

5. 5-6.2 

US 

UM 

11B 

TO 

Ply  ash 

30 

2-1/4 

0.T3 

5. 5-6.2 

12T 

12M 

12B 

100 

0 

3 

0.55 

6.3-T-4 

13T 

13M 

13B 

T5 

Pumicite 

25 

3 

O.58 

6.2-T.6 

lkS 

14M 

14b 

50 

Slag 

50 

3 

0.60 

5.8-6. 3 

Z5T 

15M 

15B 

65 

flat  cem 

35 

3 

0.56 

6.5-8.T 

16T 

16m 

16b 

75 

Cal  sh 

25 

3 

0.59 

5-T-T-4 

17T 

17M 

17B 

92 

Unc  D 

8 

3 

0.55 

5-3-T-4 

18t 

18m 

18b 

TO 

Fly  ash 

30 

3 

0.55 

6.1-T-T 

19T 

19M 

J.9B 

100 

0 

4 

0.42 

6.9-T.9 

2OT 

20M 

20B 

75 

Pumicite 

25 

4 

0.45 

5-T-8.5 

21T 

21M 

21B 

50 

Slag 

50 

4 

0.44 

5. 4-6. 8 

22M 

22B 

80 

Nat  cem 

20 

4 

0.U3 

3-9-T.4 

23T 

23M 

23B 

80 

Cal  sh 

20 

4 

0.45 

4. 5-6.1 

24T 

24m 

24B 

91* 

Unc  D 

6 

4 

0.42 

8.5-T.8 

25T 

25M 

TO 

Fly  ash 

30 

4 

0.44 

6. 3-8.6 

25B 


1963-1966  Readings 


557 

Cycles 

1963 

692 

Cycles 

1964 

855 

Cycles 

1965 

985 

Cycles 

19 66 

1141 

Cycles 

1967 

1326 

Cycles 

1968 

J£ 

it 

-S 

12 

jte 

it 

% 

aL 

it 

it 

Jit 

9T 

109 

T9 

105 

77 

113 

85 

65 

76 

64 

Failed 

85 

112 

88 

103 

85 

97 

93 

t 

62 

t 

81 

t 

89 

113 

87 

105 

76 

in 

70 

96 

68 

91 

68 

96 

NR 

104 

100 

95 

Broken  in  handling 

81 

95 

98 

95 

94 

86 

92 

91 

67 

70 

76 

t 

92 

9T 

92 

91 

78 

72 

si 

66 

79 

66 

69 

67 

81 

94 

8  9 

99 

78 

104 

75 

72 

69 

69 

75 

93 

68 

95 

92 

92 

102 

83 

65 

81 

64 

78 

84 

NR 

t 

97 

t 

92 

t 

Failed 

NR 

48 

NR 

t 

Broker,  in  handling 

109 

104 

101 

91 

84 

91 

75 

69 

Failed 

8T 

nr 

87 

119 

83 

106 

81 

91 

79 

76 

72 

95 

83 

107 

83 

103 

77 

91 

77 

84 

68 

87 

71 

89 

NR 

138 

79 

119 

71 

129 

74 

93 

69 

91 

72 

t 

no 

69 

99 

58 

104 

116 

111 

t 

92 

t 

95 

t 

111 

115 

115 

no 

106 

103 

106 

93 

103 

93 

101 

94 

101 

107 

97 

103 

100 

107 

101 

94 

96 

93 

99 

91 

92 

98 

87 

89 

82 

81 

83 

68 

80 

68 

Failed 

92 

101 

98 

98 

86 

87 

86 

73 

84 

67 

85 

t 

93 

74 

91 

NR 

82 

77 

80 

t 

Failed 

94 

103 

90 

106 

88 

no 

89 

82 

88 

85 

85 

93 

93 

72 

87 

no 

87 

103 

86 

94 

8l 

89 

80 

92 

91 

92 

86 

99 

83 

100 

81 

73 

80 

89 

76 

74 

95 

101 

93 

94 

83 

103 

87 

72 

82 

82 

75 

78 

T9 

119 

75 

91 

70 

97 

59 

67 

56 

69 

Failed 

91 

109 

78 

NR 

79 

117 

76 

68 

75 

70 

55 

78 

96 

102 

84 

108 

82 

OQ 

85 

89 

82 

73 

7  6 

84 

80 

104 

87 

98 

76 

85 

8? 

82 

81 

73 

65 

84 

86 

114 

85 

98 

82 

99 

81 

85 

78 

82 

75 

93 

93 

107 

86 

109 

87 

113 

84 

t 

8 2 

t 

73 

t 

92 

59 

91 

98 

84 

111 

91 

73 

87 

70 

72 

70 

108 

106 

no 

104 

107 

99 

109 

91 

106 

89 

106 

94 

93 

101 

90 

111 

83 

89 

83 

87 

79 

90 

78 

96 

90 

90 

90 

106 

85 

85 

82 

74 

78 

t 

59 

t 

92 

70 

93 

U2 

78 

105 

78 

92 

74 

94 

79 

100 

no 

107 

no 

107 

10? 

107 

10? 

87 

99 

89 

96 

93 

107 

116 

105 

112 

101 

95 

101 

93 

95 

87 

97 

96 

108 

104 

no 

106 

104 

9 4 

108 

87 

106 

87 

103 

93 

9T 

63 

91 

93 

87 

s? 

89 

81 

79 

77 

73 

81 

NR 

97 

Failed 

95 

93 

93 

102 

81 

82 

81 

65 

Failed 

87 

107 

87 

109 

67 

104 

67 

106 

64 

108 

64 

102 

94 

109 

95 

95 

93 

100 

96 

t 

93 

t 

96 

t 

90 

118 

84 

95 

58 

no 

63 

8?. 

60 

80 

60 

so 

95 

m 

92 

118 

86 

102 

8? 

85 

77 

85 

69 

82 

93 

100 

78 

97 

83 

101 

80 

89 

77 

91 

70 

86 

82 

112 

T9 

114 

76 

102 

78 

90 

7 6 

98 

77 

100 

95 

119 

93 

113 

88 

120 

91 

93 

83 

87 

89 

91 

93 

114 

95 

109 

89 

103 

88 

86 

82 

94 

tt 

tt 

86 

108 

74 

101 

77 

111 

71 

55 

68 

58 

54 

S8 

96 

107 

89 

111 

78 

104 

71 

79 

67 

83 

54 

t 

102 

102 

100 

99 

97 

93 

97 

88 

92 

80 

51 

84 

t  End  of  specimen  too  rough  to  obtain  satisfactory  reading 
if  Broken  in  handling  in  1968. 


(Sheet  3) 


(Revised  Aug  197I*) 

Table  1— CRMI— PD  (Continued) 


Section  8 


Cementit ious  Mat ' 1 
Type  II  Replace- 

Port  land  ment 

Core  Cement  Material 

No.  4  _  4 


4 E  W_ 


_ _ Exposure  Rack,  Row  4  (W  to  E) 

1969-1973  Readings 

1633  l502  1959  2099 

Cycles  Cycles  Cycles  Cycles 

1970  1971  1972  1973 

jE  U*  tE  V?  tE  V?  »E  !tv2 


IB 

100 

0 

1-3/1* 

0.93 

6. 1-6. 6 

Failed 

t 

2B 

65 

Nat  cem 

1-3A 

0.96 

1.7-8. 2 

Failed 

t 

35 

5T 

100 

0 

2-l/U 

0.73 

3. 9-6.1 

72 

81 

69 

71 

72 

49 

NR 

62 

NR 

Failed 

5M 

72 

69 

67 

60 

70 

50 

NR 

44 

72 

50 

5B 

63 

85 

61 

81 

60 

34 

55 

44 

51 

69 

7B 

50 

Slag 

2-1/1* 

0.76 

4. 7-6. 6 

NR 

66 

71 

62 

Failed 

t 

50 

8m 

65 

Nat  cem 

2-1/1* 

0.76 

5. 7-6.4 

78 

t 

82 

t 

Failed 

t 

8b 

35 

67 

88 

65 

82 

Failed 

t 

9B 

70 

Cal  sh 

2-1/1* 

0.79 

5. 9-6. 3 

NR 

t 

Failed 

t 

30 

10T 

88 

Unc  D 

2-1/1* 

0.80 

5.5-6. 2 

68 

t 

NR 

t 

10M 

12 

66 

68 

67 

63 

66 

t 

NR 

t 

10B 

76 

71 

74 

68 

72 

t 

NR 

t 

12T 

100 

0 

3 

0.55 

6. 3-7. 4 

72 

81 

68 

77 

68 

52 

64 

44 

62 

32 

12M 

70 

84 

69 

72 

63 

58 

58 

55 

50 

5^ 

12B 

71 

t 

72 

t 

Failed 

t 

13T 

75 

Pumicite 

3 

0.58 

6. 2-7. 6 

93 

t 

98 

t 

94 

t 

90 

t 

76 

t 

13M 

25 

99 

91 

108 

78 

104 

54 

98 

49 

85 

57 

13B 

97 

91 

107 

80 

98 

43 

10J 

47 

100 

32 

14m 

50 

Slag 

3 

0.60 

5. 8-6. 3 

Failed 

t 

50 

15T 

65 

Nat  cem 

3 

0.56 

6. 5-8.7 

85 

88 

84 

77 

77 

47 

74 

83 

75 

65 

15M 

35 

81 

87 

83 

81 

76 

69 

80 

77 

72 

67 

15B 

75 

68 

78 

63 

67 

t 

NR 

t 

16T 

75 

Cal  sh 

3 

0.59 

5. 7-7. 4 

74 

69 

73 

6? 

67 

t 

NR 

t 

i6b 

25 

50F 

t 

17T 

92 

Unc  D 

3 

0.55 

5. 3-7.4 

75 

76 

71 

68 

61 

45 

NR 

48 

NR 

Failed 

17M 

8 

65 

73 

66 

65 

64 

43 

66 

61 

56 

58 

17B 

74 

82 

7  6 

75 

75 

62 

84 

68 

46 

58 

18T 

70 

Fly  ash 

3 

0.55 

6. 1-7. 7 

72 

t 

NR 

t 

18m 

30 

87 

70 

Failed 

48 

18b 

104 

91 

114 

68 

104 

64 

106 

46 

106 

74 

19T 

100 

0 

4 

0.42 

6. 9-7. 9 

77 

93 

78 

79 

69 

45 

72 

67 

72 

86 

19M 

58 

t 

Failed 

t 

19B 

76 

98 

77 

75 

73 

67 

71 

56 

66 

70 

20T 

75 

Pumicite 

4 

0.45 

5.7-8. 5 

96 

84 

88 

78 

81 

44 

87 

42 

48 

40 

20M 

25 

96 

93 

102 

83 

93 

61 

88 

61 

8U 

79 

20B 

104 

87 

111 

78 

102 

62 

97 

60 

97 

71 

21T 

50 

Slag 

4 

0.44 

5. 4-6.8 

73 

67 

NR 

48 

69 

t 

Failed 

t 

50 

22M 

80 

Nat  cem 

4 

0.43 

3. 9-7. 4 

62 

106 

61 

93 

59 

75 

Failed 

t 

22B 

20 

95-. 

t 

NR 

t 

90 

t 

Failed 

t 

23T 

80 

Cal  sh 

4 

0.45 

4. 5-6.1 

59 

t 

59 

t 

53 

t 

Failed 

t 

23M 

20 

69 

84 

73 

74 

60 

46 

57 

29 

52 

76 

23B 

69 

86 

68 

81 

66 

32 

65 

4o 

52 

69 

24T 

94 

Unc  D 

4 

0.42 

6. 5-7.8 

75 

88 

77 

82 

75 

35 

77 

34 

75 

90 

24m 

6 

87 

87 

87 

81 

88 

37 

65 

69 

82 

78 

24b 

tt 

tt 

25T 

70 

Fly  ash 

4 

0.44 

6.3-8. 6 

50F 

91 

25M 

30 

50F 

t 

25B 

Failed 

t 

t  End  of  specimen  too  rough  to  obtain  satisfactory  reading, 
ft  Broken  in  handling  in  1968. 

NR  Satisfactory  reading  was  not  obtained  although  an  attempt  vas  made  to  obtain  one. 
F  Denotes  specimen  has  failed. 


(Sheet  4) 


(Revised  August  1977) 
Table  1-CRMI-PD  (Continued) 


Section  8 


5M 

100 

0 

2-1/4 

0.73 

3. 9-6.1 

70 

53 

70 

94 

60 

75 

64 

Broken 

5B 

NR 

69 

NR 

NR 

Failed 

12T 

100 

0 

3 

0.55 

6. 3-7. 4 

62 

92 

62 

93 

6o 

73 

46 

65 

12M 

48 

68 

NR 

96 

Failed 

13T 

75 

Pumicite 

3 

0.58 

6. 2-7. 6 

73 

t 

— 

__ 

Failed 

13M 

25 

NR 

66 

Failed 

Failed 

13B 

96 

89 

96 

113 

NR 

88 

75 

79 

15T 

65 

Nat  cem 

3 

0.56 

6. 5-8. 7 

70 

91 

70 

94 

68 

94 

60 

88 

15M 

35 

63 

94 

62 

120 

6o 

67 

51 

71 

17M 

92 

Unc  D 

3 

0.55 

5. 3-7.4 

50 

64 

Failed 

Failed 

17B 

8 

77 

95 

78 

117 

69 

77 

80 

NR 

18B 

70 

Fly  ash 

3 

0.55 

6. 1-7. 7 

106 

100 

106 

123 

88 

77 

49 

68 

30 

19T 

100 

0 

k 

0.42 

6. 9-7. 9 

68 

96 

69 

120 

96 

79 

87 

73 

19B 

67 

94 

66 

135 

49 

78 

Failed 

20T 

75 

Pumicite 

4 

0.U5 

5.7-8. 5 

48 

67 

51 

51 

NS 

49 

Failed 

20M 

25 

84 

76 

84 

96 

71 

86 

36 

67 

20B 

97 

79 

102 

115 

68 

80 

89 

64 

23M 

80 

Cal  sh 

4 

0.45 

4. 5-6.1 

52 

66 

55 

116 

55 

91 

Failed 

23B 

20 

52 

73 

51 

94 

42 

93 

67 

78 

24T 

94 

Unc  D 

4 

0.42 

6. 5-7. 8 

75 

91 

72 

116 

6l 

104 

6l 

87 

24m 

6 

82 

93 

84 

131 

94 

90 

6l 

81 

t  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 

NR  Satisfactory  reading  was  not  obtained  although  an  attempt  was  made  to  obtain  one. 


(Sheet  5) 
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AU6  77 

UNCLASSIFIED  WES-TR-6-553-V0L-1-REV  NL 


(Revised  Sept  1968) 
Table  2-CHMI-PD 


Section  8 


Mixture  Data  and  Record  of  Testing  of  Cubes  from  Cement-Replacement  Materials  Investigation, 

Phase  D,  1958- _ (Installed  October  1959) 

_ Beach  Row  1  (W  to  E) 

'  ’  ’  1958-1963  Readings 


Cementitious  Mat'l 
Type  II  Replace- 

Nominal 

Cement 

Water- 

0  Cycles 

_ _  _  1958 _ 

150 

221 

362 

451 

557 

Cube 

No. 

Portland 

Cement 

* 

ment 

Material 

* 

Factor 
bags/ 
cu  yd 

Cement 
Ratio 
by  Wt* 

Air 

Content 

$** 

Pulse 

Veloc 

fps 

1959 

_izL 

I960 

_i£_ 

1961 

_jvf_ 

1962 

_izL 

1963 

1 

100 

0 

1-3A 

0.93 

6. 1-6.6 

15,625 

100 

93 

88 

81 

84 

t 

2 

65 

Nat  cem 

35 

1-3A 

0.96 

1.7-8. 2 

14,185 

100 

96 

105 

103 

109 

52 

3 

70 

Cal  sh 

30 

1-3A 

1.01 

5- 3-5. 8 

15,150 

100 

97 

103 

103 

106 

50 

k 

88 

Unc  D 

12 

1-3A 

0.98 

S.4-6.4 

15,265 

100 

98 

104 

112 

104 

112 

5 

100 

0 

2-lA 

0.73 

3-9-6.1 

16,000 

100 

95 

101 

105 

108 

97 

6 

75 

Pumicite 

25 

2-lA 

0.77 

5-7-7. 4 

16,130 

100 

90 

99 

102 

98 

98 

7 

50 

Slag 

50 

2-lA 

0.76 

4. 7-6.6 

15,875 

100 

97 

105 

107 

94 

107 

8 

65 

Nat  cem 

35 

2-l/k 

0.76 

5-7-6. 4 

15,625 

100 

98 

106 

108 

98 

107 

9 

70 

Cal  sh 

30 

2-l/k 

0.79 

5.9-6. 3 

15,625 

100 

97 

no 

108 

97 

97 

10 

88 

Unc  D 

12 

2-l/k 

0.80 

5- 5-6.2 

15,625 

100 

103 

105 

100 

103 

tt 

10A 

88 

Unc  D 

12 

2-l/k 

0.80 

5. 5-6. 2 

16,130 

100 

100 

105 

98 

98 

105 

11 

70 

Fly  ash 

30 

2-l/k 

0.73 

5- 5-6.2 

15,875 

100 

98 

115 

116 

n7 

109 

11A 

70 

Fly  ash 

30 

2-l/k 

0.73 

5. 5-6. 2 

15,265 

100 

100 

119 

115 

104 

no 

12 

100 

0 

3 

0.55 

6. 3-7.4 

16,395 

100 

97 

104 

105 

98 

103 

13 

75 

Pumicite 

25 

3 

0.58 

6. 2-7. 6 

16,395 

100 

97 

109 

115 

102 

U9 

Ik 

50 

Slag 

50 

3 

0.60 

5-8-6. 3 

16,395 

100 

100 

117 

111 

91 

U7 

15 

65 

Nat  cem 

35 

3 

0.56 

6. 5-8.7 

16,395 

100 

98 

96 

105 

107 

98 

16 

•  75 

Cal  sh 

25 

3 

0.59 

5- 7-7. 4 

16,130 

100 

98 

98 

105 

102 

105 

17 

92 

Unc  D 

8 

3 

0.55 

5. 3-7. 4 

16,395 

100 

98 

105 

111 

109 

112 

18 

70 

Fly  ash 

30 

3 

0.55 

6. 1-7.7 

16,665 

100 

97 

97 

97 

97 

96 

Note:  Nat  cem  =  natural  cement;  cal  sh  =  calcined  shale;  unc  D  „  uncalcined  diatomite'  cW  -  v-i.-t  r  ™  i 
*  Ratio  of  water  to  cementitious  material  based  on  total  weight  ’  Sla«  '  slag. 

V  £  (^specimen**  too  ^i^o^bt^n^rtHSc^T^ng86^"16  ■“““  "*»  ^  1-  site. 

"  not*  be*  taken?  ^u*  was  Uft^e^ed  PUl~  TCl°City 

inaction  Party  could  observe  how  much  sealed 

(Sheet  1) 


(Revised  Sept  1970) 
Table  2-CRMI-PD  (Continued) 


Section  8 


Beach  Row  1  (W  to  E) 
T$54-  '  Readings  - - 


Cementitious  Mat'l 

Nominal 

692 

Cycles 

1964 

855 

Cycles 

1965 

fv2 

985 

Cycles 

1966 

n4i 

Cycles 

1967 

f>v2 

1326 

1480 

Cycles 

1969 

Cube 

No. 

Type  II 
Portland 
Cement 

f 

Replace¬ 

ment 

Material 

* 

Cement 
Factor 
bags/ 
cu  yd 

Water- 
Cement 
Ratio 
by  Wt 

Air 

Content 
..  * 

Cycles 

1968 

1 

100 

0 

1-3/4 

0.93 

6. 1-6.6 

t 

Failed 

2 

65 

Nat  cem 

35 

1-3/4 

0.96 

1. 7-8.2 

35 

t 

♦ 

Failed 

3 

70 

Cal  sh 

30 

1-3/4 

1.01 

5- 3-5- 8 

74 

t 

Failed 

4 

88 

Unc  D 

12 

1-3/4 

0.98 

5-4-6.lt 

87 

41 

t 

Failed 

5 

100 

0 

2-1/4 

0.73 

3- 9-6.1 

91 

105 

91 

78 

65 

6 

75 

Pumicite 

25 

2-1/4 

0.77 

5.7-7* 4 

92 

no 

t 

t 

Failed 

7 

50 

Slag 

50 

2.1/k 

0.76 

It. 7-6.6 

78 

110 

83 

86 

t 

8 

65 

Nat  cem 

35 

2-1/4 

0.76 

5-7-6. 4 

103 

103 

82 

62 

t 

9 

70 

Cal  sh 

30 

2-1/4 

0.79 

5-9-6. 3 

103 

114 

82 

85 

t 

10 

88 

Unc  D 

12 

2-1/4 

0.80 

5. 5-6.2 

86 

no 

81 

95 

t 

10A 

88 

Unc  D 

12 

2-1/4 

0.80 

5. 5-6. 2 

88 

103 

49 

47 

t 

11 

70 

Fly  ash 

30 

2-1/4 

0.73 

5. 5-6.2 

107 

110 

112 

97 

79 

11A 

70 

Fly  ash 

30 

2-1/4 

0.73 

5. 5-6. 2 

98 

105 

97 

90 

t 

12 

100 

0 

3 

0.55 

6. 3-7- 4 

101 

103 

78 

78 

57 

13 

75 

Pumicite 

25 

3 

0.58 

6. 2-7-6 

121 

123 

113 

100 

103 

14 

50 

Slag 

50 

3 

0.60 

5.8-6. 3 

107 

103 

109 

107 

105 

15 

65 

Nat  cem 

35 

3 

0.56 

6. 5-8.7 

94 

105 

97 

107 

86 

16 

75 

Cal  sh 

25 

3 

0.59 

5 -7-7- 4 

97 

112 

102 

105 

95 

17 

92 

Unc  D 

8 

3 

0.55 

5- 3-7-4 

113 

123 

121 

103 

102 

18 

70 

Fly  ash 

30 

3 

0.55 

6. 1-7-7 

101 

103 

100 

94 

88 

t  End  of  specimen  too  rough  to  obtain  satisfactory  reading. (Sheet  2) 
*  Satisfactory  pulse  velocity  readings  were  not  obtained  in  19 66  due  to  malfunction  of  testing  equipment. 


j 


(Revised  August  1977) 
Table  2-CRMI-PD  (Continued) 


Section  8 


Cementitious  Mat'l 
Type  II  Replace - 

Portland  ment 

Cube  Cement  Material 
No.  j  j 


Beach  Row  1  (W  to  E) 


2238  2350 

Cycles  Cycles 
1974  1975 

iv2  _jv f_ 


5 

100 

0 

2-1/t 

0.73 

3.9-6. 1 

Failed 

7 

50 

Slag 

50 

2-1/* 

0.76 

4. 7-6. 6 

Failed 

a 

65 

Nat  cem 

35 

2-1/* 

0.76 

5. 7-6. 4 

Failed 

9 

70 

Cal  sh 

30 

2-1/* 

0.79 

5.9-6. 3 

Failed 

10 

88 

Unc  D 

12 

2-1/* 

0.80 

5. 5-6. 2 

t 

Failed 

10A 

88 

Unc  D 

12 

2-1/t 

0.80 

5. 5-6.2 

t 

Failed 

11 

70 

Fly  ash 

30 

2-1/* 

0.73 

5. 5-6.2 

74 

71 

60 

** 

83 

51 

Failed 

11A 

70 

Fly  ash 

30 

2-1/* 

0.73 

5. 5-6.2 

Failed 

12 

100 

0 

3 

0.55 

6. 3-7. 4 

t 

Failed 

13 

75 

Pumicite 

25 

3 

0.58 

6. 2-7. 6 

94 

15 

NR 

** 

Failed 

14 

50 

Slag 

50 

3 

0.60 

5. 8-6. 3 

100 

82 

66 

** 

65 

38 

31 

15 

65 

Nat  cem 

35 

3 

0.56 

6. 5-8.7 

82 

48 

49 

** 

ltb 

NR 

NR 

16 

75 

Cal  sh 

25 

3 

0.59 

5. 7-7. 4 

91 

NR 

91 

Failed 

17 

92 

Unc  D 

8 

3 

0.55 

5. 3-7. 4 

98 

85 

77 

** 

71 

NR 

NR 

18 

70 

Fly  ash 

30 

3 

0.55 

6. 1-7.7 

85 

15 

Failed 

f  End  of  epeclmen  too  rough  to  obtain  a at ia factory  reading. 
»*  Equipment  malfunctioned  in  1973. 


(Sheet  3) 


K^MnunMiMn 


> 


(Issued  August  1977) 
Table  2-CRMI-PD  (Continued) 


Section  8 


1977- 

Readings 

Cube 

No. 

Type  II 
Portland 
Cement 
* 

Replace¬ 

ment 

Material 

% 

Cement 
Factor 
bags/ 
cu  yd 

Water- 
Cement 
Ratio 
by  Wt 

Air 

Content 

t 

2573 

Cycles 

1977 

5 

100 

0 

2-l/b 

0.73 

3. 9-6.1 

7 

50 

Slag 

50 

2-1/1* 

0.76 

l>.7-6.6 

e 

65 

Nat  cem 

35 

2-1/1* 

0.76 

5. 7-6.1* 

9 

70 

Cal  sh 

30 

2-1/1* 

0.79 

5. 9-6.3 

10 

88 

Unc  D 

12 

2-1/1* 

0.80 

5. 5-6.2 

10A 

88 

Unc  D 

12 

2-1/1* 

0.80 

5. 5-6.2 

11 

70 

Fly  ash 

30 

2-1/1* 

0.73 

5. 5-6.2 

11A 

70 

Fly  ash 

30 

2-1/1* 

0.73 

5. 5-6. 2 

12 

100 

0 

3 

0.55 

6. 3-7.1* 

13 

75 

Pumicite 

25 

3 

0.58 

6. 2-7. 6 

lU 

50 

Slag 

50 

3 

0.60 

5. 8-6. 3 

Failed 

15 

65 

Nat  cem 

35 

3 

0.56 

6. 5-8. 7 

Failed 

16 

75 

Cal  sh 

25 

3 

0.59 

5. 7-7.1* 

17 

92 

Unc  D 

8 

3 

0.55 

5. 3-7.1* 

89 

10 

70 

Fly  ash 

30 

3 

0.55 

6. 1-7. 7 

Sheet 


(Corrected  Aug  1965) 


Section  9 


Passamaquoddy  Tidal  Power  Project* 


In  connection  with  studies  for  the  Passamaquoddy  Tidal  Power  Project, 
43  concrete  columns**  (  5  by  5  by  60  in.)  were  installed  on  the  exposure 
rack  at  Treat  Island  in  1936.  The  purpose  of  the  installation  was  to  find 
the  cement  and  aggregate  combination  that  would  give  the  greatest  assurance 
of  durability  for  the  proposed  concrete  structures.  The  mixture  data  for 
these  43  specimens  were  as  follows: 


Spec  No . 

Cement 

Cement 
Factor 
bags/cu  yd 

Coarse  Aftpregate 

Sand- 

aggregate 

Ratio 

1 

Water 

B-14 

Type  I 

5.25 

Natural  gravel  A 

34 

Tap 

B-19 

Type  I 

5-25 

Natural  gravel  A 

30 

Tap 

B-26 

Type  I 

5.25 

Natural  gravel  A 

28 

Tap 

B-31 

Type  I 

5.25 

Crushed  diabase  rock  B 

30 

Tap 

B-36 

Type  I 

5.25 

Crushed  diabase  rock  C 

34 

Tap 

B-39 

Type  I,  5016;  other  PC,  50j* 

5.25 

Crushed  diabase  rock  C 

34 

Tap 

B-46 

Natural,  2li;  Type  I,  7916 

5-25 

Crushed  diabase  rock  C 

34 

Tap 

B-51 

Type  I 

5-25 

Crushed  diabase  rock  B 

32 

Tap 

B-56 

Type  I 

5.25 

Crushed  diabase  rock  B 

34 

Tap 

B-61 

Type  I 

5.25 

Crushed  diabase  rock  B 

36 

Tap 

B-66 

Type  I 

5.25 

Crushed  diabase  rock  B 

38 

Tap 

B-71 

Aluminous  cement 

5.25 

Crushed  diabase  rock  C 

34 

Tap 

B-76 

Pozzolan,  15^;  Type  I,  85^ 

5.25 

Crushed  diabase  rock  C 

34 

Tap 

B-81 

Portland,  pozzolan 

5.25 

Crushed  diabase  rock  C 

34 

Tap 

B-86 

Type  I 

5.25 

Crushed  diabase  rock  C 

34 

Tap 

B-88** 

Type  I 

5.64 

Crushed  diabase  rock  B 

40 

Tap 

D-l 

Type  I 

5.25 

Crushed  diabase  rock  B 

38 

Tap 

D-2 

Type  I 

5.25 

Crushed  diabase  rock  B 

36 

Tap 

D-3 

Type  I 

5.50 

Crushed  diabase  rock  B 

38 

Tap 

D-4 

Type  I 

5-50 

Crushed  diabase  rock  C 

36 

Tap 

D-5 

Type  I 

5.50 

Crushed  diabase  rock  C 

38 

Tap 

D-6 

Type  I 

5.50 

Crushed  diabase  rock  C 

34 

Tap 

D-7 

Type  I 

5.25 

Crushed  diabase  rock  C 

36 

Tap 

D-8 

Type  I 

5.50 

Crushed  diabase  rock  C 

40 

Tap 

D-9 

Type  I 

5-25 

Crushed  diabase  rock  C 

38 

Tap 

S-3-Rt 

Type  I 

5.00 

Natural  gravel  A 

32 

Tap 

S-5 

Aluminous  cement 

5.00 

Natural  gravel  A 

32 

Tap 

S-7 

Type  I 

5.00 

Natural  gravel  A 

32 

Sea  (cone) 

S-2 

Type  I 

5-00 

Natural  gravel  A 

32 

Tap 

S-U-Rt 

Aluminous  cement 

5.00 

Natural  gravel  A 

32 

Tap 

S-8-R+ 

Type  I 

5.00 

Natural  gravel  A 

32 

Sea  (cone) 

S-10 

Portland,  pozzolan 

5.00 

Natural  gravel  A 

32 

Tap 

S-ll-Rt 

Portland,  pozzolan 

5.00 

Natural  gravel  A 

32 

Tap 

S-13-Rt 

Aluminous  cement 

5.00 

Natural  gravel  A 

32 

Sea  (normal) 

S-14 

Aluminous  cement 

5-00 

Natural  gravel  A 

32 

Sea  (normal) 

S-16 

Portland,  pozzolan 

5-00 

Natural  gravel  A 

32 

Sea  (cone) 

S-17-Rt 

Portland,  pozzolan 

5-00 

Natural  gravel  A 

32 

Sea  ( cone) 

S-20-Rt 

Type  I 

5.00 

Natural  gravel  A 

32 

Sea  (normal) 

S-21 

Type  I 

5.00 

Natural  gravel  A 

32 

Sea  (normal) 

S-22 

Aluminous  cement 

5.00 

Natural  gravel  A 

32 

Sea  ( cone ) 

S-23-R+ 

Aluminous  cement 

5.00 

Natural  gravel  A 

32 

Sea  (cone) 

S-25 

Portland,  pozzolan 

5.00 

Natural  gravel  A 

32 

Sea  (normal) 

S-26-Rt 

Portland,  pozzolan 

5.00 

Natural  gravel  A 

32 

Sea  (normal) 

Note:  Maximum  size  aggregate,  2  in.;  fine  aggregate,  natural  sand  (A);  5-  by  5-  by  60-in.  columns; 
water-cement  ratio,  6  gal  per  bag. 

*  This  cement  does  not  meet  all  of  the  present  specifications  fbr  any  of  the  types  of  portland  cement. 
**  Fine  aggregate  was  manufactured  sand  (B). 
t  Specimen  contains  3/4- in.  reinforcing  bar. 


*  See  Passamaquoddy  Tidal  Power  Development,  Final  Report  of  Concrete 
Tests  ( 15  September  1936) . 

**  Columns  are  molded  with  the  long  axis  in  a  vertical  position. 


Section  9 


(Reprinted  Aug  1965) 


In  October  1940,  after  approximately  600  cycles  of  freezing-and- 
thawing,  the  exposure  of  all  but  six  specimens  was  discontinued.  These 
six  specimens  were  selected  as  the  most  durable,  and  were  reinstalled  on 
the  exposure  rack. 

Three  of  the  six  specimens  (B-l4,  B-39j  and.  B-86)  contained  plain 
Portland  cement  which  was  manufactured  by  a  mill  which  permitted  the  in¬ 
troduction  of  crusher  oil  into  the  cement  ( thereby  possibly  introducing 
involuntary  air- entrainment) .  These  three  columns  contained  concrete  hav¬ 
ing  a  cement  factor  of  5*25  bags  per  cu  yd,  and  a  water-cement  ratio  of 
6.0  gal  per  bag.  The  other  three  columns  (S-4-R,  S-13-R,  and  S-23-R),  each 
containing  one  3/4- in . -diameter,  deformed,  reinforcing  steel  bar,  were  made 
with  aluminous  cement  (cement  factor  =5-0  bags  per  cu  yd,  water-cement 
ratio  =  6.0  gal  per  bag).  The  aggregate  used  in  all  six  columns  was  a 
granitic  sand  and  gravel  (2-in.  maximum  size)  from  an  esker. 

Table  1-PQ,  gives  the  exposure  record  of  these  six  specimens. 


(Revised  Sept  1969) 
Table  1-PQ 


Section  9 


Record  of 

Observations  of  Concrete  Columns 

Containing  Cement -Aggregate  Combinations  Proposed  for 

Passamaquoddy  Tidal  Power  Project  Structure 

£ 

_ 

(Installed  in  1936) 

1936-1941  Observations 

1935 

_ 1231 _ 1238 _ 

1940 

1941 

Speci¬ 

men 

Type  Cement 

Type  Water 

Condi- 
Cycles  tion 

*  Co  rxli- 

Cycles  tion  Cycles 

Condi¬ 

tion 

Condi- 

Cycles  tion 

Cycles 

Condi¬ 

tion 

Specimens  Without  Reinforcing  Bar 

B-l4 

Type  X 

Tap 

0  Sound 

422  Vy  good  59 8 

Vy  good 

759  Vy  good 

916 

Good 

B-39 

Type  I,  5016; 
other  PC,  5016* 

Tap 

i-» 

0  Sound 

378  Vy  good  554 

Vy  good 

715  Vy  good 

872 

Good 

B-86 

Type  I 

Tap 

0  Sound 

361  Excel.  537 

Vy  good 

698  Vy  good 

855 

Vy  good 

Specimens  with  Reinforcing  Bar 

S-4-R 

Aluminous 

Tap 

0  Sound 

288  Excel.  464 

Excel. 

625  Good 

782 

Good 

S-13-R 

Aluminous 

Sea  (normal) 

0  Sound 

288  Vy  good  464 

Good 

625  Good 

782 

Good 

S-23-R 

Aluminous 

Sea  (cone) 

0  Sound 

288  Vy  good  464 

Good 

625  Good 

782 

Good 

1942-1958  Observations 

19^2 

1943  1948 

1957 

1958 

Condi - 

Cycles  tion 

Condi - 

Cycles  tion  Cycles 

Condi¬ 

tion 

Condi - 

Cycles  tion 

Cycles 

Condi¬ 

tion 

Specimens  Without  Reinforcing  Bar 

B-14 

Type  I 

Tap 

1082  Fair 

1270  Failed 

B-39 

Type  I,  50$;  Tap 

other  PC,  50#** 

1038  fair 

1226  Failed 

B-06 

Type  I 

Tap 

1021  Good 

1209  Failed 

Specimens  with  Reinforcing  Bar 

S-4-R 

Aluminous 

Tap 

948  Fair 

1136  Fair  1742 

Fair 

2850  Poor 

2921 

Poor 

S-13-R 

Aluminous 

Sea  (normal) 

948  Good 

1136  Good  1742 

Fair 

2850  Fair 

2921 

Fair 

S-23-R 

Aluminous 

Sea  (cone) 

948  Good 

1136  Good  1742 

Poor 

2850  Failed 

Exposure  Rack, 

Row  2, 

West  End 

1959-1963  Observations 

_ i252 _ 

I960  1961 

1962 

1963 

Condi-  Condi - 

Cycles  tion  Cycles  tion  Cycles 

Condi - 
tion 

Condi - 
Cycles  tion 

Cycles 

Condi¬ 

tion 

Specimens  with  Reinforcing  Bar 

S-4-R 

Aluminous 

Tap 

3071  Poor 

3142  Poor  3283 

Poor 

3372  Failed 

S-13-R 

Aluminous 

Sea  (normal) 

3071  Fair 

3142  Fair  3283 

Fair 

3372  Pair 

3478 

Fair 

?3cposure  Rack, 

Row  8.  West  End 

1964-1968  Observations 

1955 

1965  1966 

1967 

19SB - 

Condi - 

Cycles  tion 

Condi - 

Cycles  tion  Cycles 

Condi¬ 

tion 

Condi - 

Cycles  tion 

Condi - 

Specimens  with  Reinforcing  Bar 

S-13-R  Aluminous  Sea  (normal)  3613  Fair  3776  Fair  3906  Fair  U062  Fair  U2U7 


(Continued) 


*  Specimens  were  installed  on  different  dates  in  1936;  hence  different  numbers  of  frees ing-and-thawing  cycles. 
#*  This  cement  does  not  meet  all  of  the  present  specifications  for  any  of  the  types  of  portland  cement. 


(Sheet  1) 
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Section  10 


Missouri  River  Division  Program 


1963  installation 

In  September  1963}  12  sawed  mortar  beams  (3-l/2  by  4-l/2  by  l6  in.) 
were  installed  on  the  Treat  Island  exposure  rack  to  provide  field  dura¬ 
bility  data  on  specimens  from  various  projects  in  the  Missouri  River 
Division. 

This  installation  was  made  up  of  five  series  of  beams;  the  specimens* 
represented  five  different  mortar  mixtures  and  were  sawed  from  3-ft-square 
by  nominally  3-l/2-in. -thick  test  panels.  The  mortar  was  placed  pneumat¬ 
ically  (shot)  in  each  of  the  panels  at  each  jobsite. 

Table  1-SC  lists  the  specimens  and  gives  their  exposure  record  along 
with  other  pertinent  data. 

Companion  specimens  (3-1/2  by  4-1/2  by  l6  in.)  to  the  Treat  Island 
exposure  specimens  were  subjected  to  laboratory  freezing-and-thawing  tests 
in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  companion 
beams  were  also  sawed  from  the  test  panels.  The  results  of  the  laboratory 
tests  are  given  below: 


Mixture 

No. 

No.  of 

Beams 

Tested 

Age  at 

Test 

days 

Avg  %E  at  300 
Cycles  of 
Freezing-and- 
Thawing 

1 

3 

14 

78 

2 

3 

14 

29 

3 

3 

90 

14 

4 

3 

90 

6 

5 

3 

21 

3 

*  Four  of  the  beams  contained  mesh  reinforcing. 
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Section  10 


1969  installation 

In  November  1965,  three  sawed  concrete  beams  (3  by  4-1/2  by  l6  in.) 
were  installed  on  the  Treat  Island  exposure  rack  to  provide  field  durability 
data  on  specimens  from  a  specific  project  in  the  Missouri  River  Division. 

The  specimens  represented  one  concrete  mixture  and  were  sawed  from  a 
3-ft-square  by  3-in. -thick  test  slab.  The  test  slab  was  placed  pneumatically 
(shot)  as  a  reinforcement  to  rock  slope  bank  protection. 

Table  2-SC  lists  the  specimens  and  gives  their  exposure  record  along 
with  other  pertinent  data. 
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Table  1-SC 


Section  10 


Record  of  Testing  of  Mortar  Beams,  Missouri  River  Division  Program 
1963  ~ _ ( Installed  September  1963 ) 


Exposure  Rack,  Rov  5  (W  to  E) 


Beam 

No. 

Mixture 

No. 

Cement/ 
Aggregate 
Ratio  as 
Shot  (by  vt) 

Position 
of  Panel 
When  Shot 

Type 

Cement 

Fine 

Aggregate 

Reinforcing 

Me6h 

0  Cycles 

1963 

JE 

135  Cycles 
1«64 

te 

298  Cycles 
1965 

% 

428  Cycles 
1966 

<E 

1A 

1 

1:3-5 

Vertical 

II,  A 

Sand  A 

Yes 

100 

99 

101 

100 

IB 

1 

1:3-5 

Vertical 

II,  A 

Sand  A 

Yes 

100 

99 

99 

100 

2A 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

No 

100 

119 

120 

127 

2B 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

No 

100 

92 

89 

97 

2C 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

100 

122 

124 

126 

2D 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

100 

99 

101 

116 

3A 

3 

1:3-8 

Horizontal 

II,  B 

Sand  B 

No 

100 

125 

124 

125 

3B 

3 

1:3-8 

Horizontal 

II,  B 

Sand  B 

No 

100 

125 

125 

127 

4a 

4 

1:3-8 

Vertical 

II,  B 

Sand  B 

No 

100 

73 

74 

93 

4b 

4 

1:3-8 

Vertical 

II,  B 

Sand  B 

No 

100 

101 

105 

112 

5A 

5 

1:3-5 

Vertical 

It  c 

Sand  C 

No 

100 

101 

102 

105 

5B 

5 

1:3-5 

Vertical 

If  c 

Sand  C 

No 

100 

101 

102 

101 

584  Cycle 

1967 

s  769  Cycles 
1968 

_  _ g _ 

923  Cycles 

1969 

1076  Cycles 
1970 

< E 

1A 

1 

1:3.5 

Vertical 

II,  A 

Sand  A 

Yes 

100 

99 

100 

100 

IB 

1 

1:3.5 

Vertical 

II,  A 

Sand  A 

Yes 

102 

102 

100 

104 

2A 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

No 

125 

125 

127 

136 

2B 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

No 

97 

Broken  in  handling 

2C 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

123 

123 

125 

133 

2D 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

121 

123 

126 

133 

3A 

3 

1:3.8 

Horizontal 

II,  B 

Sand  B 

No 

125 

134 

136 

143 

3B 

3 

1:3.8 

Horizontal 

II,  B 

Sand  B 

No 

127 

129 

129 

143 

4A 

4 

1:3.8 

Vertical 

II,  B 

Sand  B 

No 

91 

62 

65 

68 

4B 

4 

1:3.8 

Vertical 

II,  B 

Sand  B 

No 

110 

114 

110 

NR 

5A 

5 

1:3.5 

Vertical 

I,  C 

Sand  C 

No 

103 

102 

105 

NR 

5B 

5 

1:3.5 

Vertical 

I,  C 

Sand  C 

No 

101 

83 

81 

NR 

1245 

Cycles 

1971 

*E 

1402 

Cycles 

3.972 

1542 

Cycles 

1973 

1681 

Cycles 

1974 

1A 

1 

1:3.5 

Vertical 

II,  A 

Sand  A 

Yes 

97 

96 

95 

96 

IB 

1 

1:3.5 

Vertical 

II,  A 

Sand  A 

Yes 

103 

102 

94 

104 

2A 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

No 

129 

141 

116 

123 

2C 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

128 

110 

96 

105 

2D 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

91 

88 

81 

77 

3A 

3 

1:3.8 

Horizontal 

II,  B 

Sand  B 

No 

130 

NR 

Failed 

3B 

3 

1:3.8 

Horizontal 

II,  B 

Sand  B 

No 

124 

NR 

Failed 

4A 

4 

1:3.8 

Vertical 

II,  B 

Sand  B 

No 

63 

NR 

Failed 

4b 

4 

1:3.8 

Vertical 

II,  B 

Sand  3 

No 

NR 

NR 

Failed 

5A 

5 

1:3.5 

Vertical 

I,  C 

Sand  C 

No 

NR 

NR 

Failed 

5B 

5 

1:3.5 

Vertical 

I,  C 

Sand  C 

No 

NR 

NR 

Failed 

NR  A  satisfactory  reading  was 

not  obtained  although 

an  attempt  was 

made  to  obtain  one. 

(Sheet  1) 
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Section  10 


Exposure  Rack,  Row  5  (W  to  E) 


1975-  Readings 

Cement/ 

1793 

1939 

Aggregate 

Position 

Cycles 

Cycles 

Cycles 

Beam 

Mixture 

Ratio  as 

of  Panel 

Type 

Fine 

Reinforcing 

1975 

1976 

1977 

No. 

No. 

When  Shot 

Cement 

Mesh 

%E 

%E 

%E 

1A 

1 

1:3.5 

Vertical 

II,  A 

Sand  A 

Yes 

96 

101 

102 

IB 

1 

1:3.5 

Vertical 

II,  A 

Sand  A 

Yes 

104 

Failed 

2A 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

No 

123 

128 

91 

2C 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

105 

121 

107 

2D 

2 

1:4.0 

Vertical 

II,  A 

Sand  A 

Yes 

78 

si 

IIR* 

3A 

3 

1:3.8 

Horizontal 

II,  B 

Sand  B 

No 

3B 

3 

1:3.8 

Horizontal 

II,  B 

Sand  B 

No 

4A 

i* 

1:3.8 

Vertical 

II,  B 

Sand  B 

No 

1<B 

u 

1:3.8 

Vertical 

II,  B 

Sand  B 

No 

5A 

5 

1:3.5 

Vertical 

1,  c 

Sand  C 

No 

5B 

5 

1:3.5 

Vertical 

I,  C 

Sand  C 

No 

•  NR  denotes  a  satisfactory  reading  could  not  be  obtained. 


(Sheet  2) 


(Revised  August  1977) 
Table  2-SC 


Section  10 


Record  of  Testing  of  Concrete 

Beams,  Missouri 

River  Division  Program 

re  Rack, 

Row  5  (W  to  E) 

1965- 

(installed  November  19&5) 

Exposuj 

Beam 

No. 

Mixture 

No. 

Type 

Cement 

Fine 

Aggregate 

Coarse 

Aggregate 

Air 

Content 

i 

■■■ 

0 

Cycles 

1965 

<E 

130 

cycles 

1966 

u 

Cycles 

1967 

Cycles 

1968 

*25 

Cycles 

1969 

*E 

Tro 

cycles 

1970 

<E 

947 

Cycles 

1971 

is 

1104 

Cycles 

1972 

is 

SC-1 

6 

I.  D 

Sand  D 

Gravel  A 

7-5 

100 

92 

94 

100 

100 

101 

96 

65 

SC-2 

6 

I,  D 

Sand  D 

Gravel  A 

7-5 

100 

97 

99 

96 

94 

91 

73 

49 

SC-3 

6 

I.  D 

Sand  D 

Gravel  A 

7.5 

100 

102 

102 

100 

102 

102 

80 

65 

_ 1973- _ 

Readings 

1244 

1383 

1495 

1641 

1718 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1973 

1974 

1975 

1976 

1977 

4e 

is 

-,$E 

SC-1 

6 

I,  D 

Sand  D 

Gravel  A 

7-5 

89 

81 

80 

82 

NR 

SC-2 

6 

I,  D 

Sand  D 

Gravel  A 

7.5 

NR 

Failed 

SC-3 

6 

I,  D 

Sand  D 

Gravel  A 

7.5 

45 

NR 

NR 

NR 

NR 

NR  denotes  no  reading  was  obtained  even  though  an  attempt  was  Bade  to  obtain  one. 
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Section  11 


Portland  Blast-Furnace  Slag  Cement  Investigation* 


This  investigation  was  initiated  in  FY  1955  to  evaluate  the  perform¬ 
ance  of  blast-furnace  slag  cement  and  determine  how  its  performance  com¬ 
pares  with  that  of  type  II  portland  cement.  Twelve  air-entrained  concrete 
mixtures  were  used  in  the  investigation,  the  difference  between  the  mix¬ 
tures  being  the  type  cement  used.  Eight  portland  blast-furnace  slag  ce¬ 
ments,  one  type  II  portland  cement,  and  three  blends  of  portland  blast¬ 
furnace  slag  cement  and  natural  cement  were  used.  The  aggregates  used  were 
limestone  (3/4-in.  maximum  size)  and  natural  sand.  The  cement  factor  was 
5.5  bags  per  cu  yd  for  all  mixtures,  and  the  air  content  was  6.0  +0.5 
percent . 

Eighteen  beams  (3-l/2  by  4-l/2  by  16  in.)  were  fabricated  from  each 
of  the  12  concrete  mixtures  (total  of  216  beams).  Half  of  these  beams 
(108)  were  installed  on  the  exposure  rack  at  Treat  Island  in  May  1956; 
the  other  half  (108)  were  installed  on  the  St.  Augustine  exposure  rack 
in  August  1956. 

Table  1-BFS  lists  the  specimens  exposed  at  Treat  Island  and  gives 
their  exposure  record  along  with  their  cements . 

Table  2-BFS  lists  the  specimens  exposed  at  St.  Augustine,  and  gives 
their  exposure  record  along  with  their  cements . 

In  1956  the  question  of  whether  reinforcing  steel  surrounded  by 
portland  blast-furnace  slag  cement  concrete  was  more  prone  to  corrosion 
than  that  surrounded  by  portland-cement  concrete  was  raised.  To  answer 
this  question,  45  concrete  prisms  (8-l/2  by  8-l/2  by  12  in.),  each  con¬ 
taining  4  pieces  of  reinforcing  bars,  were  fabricated  and  installed  on 
the  exposure  rack  at  St.  Augustine  in  August  1956.  The  aggregates  and 
concrete  mixtures  were  the  same  as  those  used  to  fabricate  the  beams 
described  above  except  that  only  three  cements  were  used:  two 


*  See  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Investiga¬ 
tion  of  Portland  Blast-Furnace  Slag  Cements,  Technical  Report  No.  b-445, 
also  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Investiga¬ 
tion  of  Portland  Blast-Furnace  Slag  Cements;  Supplementary  Data,  by 
Bryant  Mather,  Technical  Report  NoT  6-445,  Report  No.  2  (Vicksburg, 
Miss.,  September  1965)- 
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(Revised  Jan  1972) 


blast-furnace  slag  cements  and  one  type  II  portland  cement.  No  tests  of 
these  prisms  were  scheduled  while  they  were  undergoing  field  exposure. 
They  were  to  be  returned  to  the  laboratory  for  examination  in  accordance 
with  the  following  schedule: 


Cement 


Type  II,  portland  cement 
PBFS*  No.  1 
PBFS*  No.  2 


No.  of  Prisms  Installed 
15 
15 
15 


No.  of  Prisms  to  be  Re¬ 
turned  to  Laboratory  in ; 
195^  19^0  1951 

6  6 


6 

6 


6 

6 


3 

3 

3 


*  Portland  blast-furnace  slag  cement. 

Specimens  examined  after  two,  four,  and  five  years  exposure  showed 
the  same  relative  relation  of  cement  type  to  amount  of  corrosion  of  em¬ 
bedded  steel,  with  the  amount  of  rusting  increasing  with  length  of  expo¬ 
sure.  A  "pinpoint"  of  rust  was  considered  as  1  unit  area  of  corrosion; 
spots  l/l6  in.  in  diameter  were  regarded  as  4  units;  those  l/8  in.  in 
diamiter  as  l6  units,  etc.  Total  average  rusted  area  on  a.l  1  bars,  per 
specimen,  arranged  by  cements  was  as  follows: 

Average  Rusted  Area  on  Bars,  by  Cement  Length  of  Exposure 


Type  II 


PBFS  No.  1 


PBFS  No.  2 


years 


_  Date 

1958 

1960 

1961 

Testing  of  specimens  exposed  at  St.  Augustine  exposure  station  was 
discontinued  after  the  1970  inspection. 


173 

17 

79 

2 

1877 

60 

258 

4 

2827 

111 

427 

5 

J 


1 
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Table  1-BPS 


Section  11 


Record  of  Testing  of  Concrete  Beams  Made  for  Portland  Blast-furnace  Slag  Cement  Investigation,  Exposed  at  Treat  Island 

1936-  (installed  May  1936) 


Exposure  Rack,  Row  5  (W  to  e) 

1956-1067  Readings 


Beam  No. 

Cement 

0 

Cycles 

1956 

*E 

iW 

Cycles 

1957 

*E 

215 

Cycles 

1958 

365 

Cycles 

1959 

te 

-55 5— 

Cycler 

i960 

te 

577 

Cycles 

1961 

*E 

— 

Cycles 

1962 

772 

Cycles 

1963 

907 

Cycles 

1964 

1070 

Cycles 

1965 

f£ 

1200 

Cycles 

1966 

*E 

1967 

1ST-2 

PBFS*  No.  3 

100 

109 

117 

115 

** 

1ST-4 

100 

111 

117 

116 

114 

109 

112 

112 

no 

no 

no 

108 

1ST -6 

100 

111 

119 

116 

115 

no 

122 

116 

117 

120 

119 

n5 

1ST-8 

100 

117 

123 

125 

121 

n7 

us 

118 

114 

114 

114 

n4 

1ST -10 

100 

116 

121 

122 

122 

us 

115 

112 

111 

no 

109 

108 

1ST-12 

100 

116 

125 

126 

125 

ns 

116 

116 

113 

113 

113 

112 

1ST-14 

100 

108 

115 

119 

117 

112 

in 

n4 

112 

111 

112 

112 

1ST-16 

100 

108 

115 

118 

117 

109 

no 

no 

107 

109 

in 

no 

1ST-18 

100 

109 

117 

119 

ns 

112 

113 

n4 

111 

ni 

109 

109 

2ST-20 

PBFS  Ho.  4 

100 

118 

125 

128 

125 

119 

121 

122 

117 

us 

119 

118 

2ST-22 

100 

121 

130 

129 

125 

ns 

122 

123 

119 

119 

119 

119 

2ST-24 

100 

120 

128 

133 

128 

122 

126 

124 

120 

120 

122 

120 

2ST-26 

100 

123 

134 

135 

** 

2ST-28 

100 

123 

134 

134 

133 

123 

128 

126 

126 

125 

124 

123 

2ST-30 

100 

122 

133 

134 

131 

122 

127 

127 

125 

124 

124 

124 

2ST-32 

100 

122 

132 

134 

132 

127 

129 

129 

128 

127 

125 

123 

2ST-34 

100 

121 

130 

131 

130 

125 

124 

126 

122 

122 

124 

124 

2ST-36 

100 

120 

136 

130 

126 

121 

123 

122 

122 

120 

121 

120 

3ST-38 

PBFS  No.  1 

100 

119 

128 

130 

141 

122 

124 

123 

127 

126 

128 

126 

3ST-40 

100 

113 

123 

124 

** 

3ST-42 

100 

118 

128 

130 

128 

122 

127 

126 

122 

122 

122 

122 

3ST-44 

100 

128 

138 

139 

138 

130 

129 

128 

119 

114 

112 

112 

3ST-46 

100 

122 

128 

132 

131 

122 

123 

122 

115 

114 

112 

no 

3ST-48 

100 

122 

128 

132 

131 

122 

122 

123 

121 

120 

119 

n5 

3ST-50 

100 

124 

131 

135 

134 

125 

127 

128 

128 

120 

120 

119 

3ST-52 

100 

123 

130 

134 

133 

124 

126 

126 

125 

121 

119 

119 

3ST-54 

100 

123 

132 

134 

132 

124 

125 

125 

125 

123 

123 

121 

4ST-56 

PBFS  No.  2 

100 

119 

128 

131 

128 

121 

123 

124 

128 

125 

125 

125 

4ST-58 

100 

118 

126 

128 

** 

4ST-60 

100 

114 

123 

124 

124 

117 

123 

121 

127 

128 

128 

125 

4ST-62 

100 

125 

130 

136 

133 

126 

128 

127 

126 

126 

122 

121 

4ST-64 

100 

126 

135 

136 

135 

126 

131 

130 

130 

125 

121 

120 

4ST-66 

100 

127 

134 

135 

134 

124 

128 

127 

126 

123 

123 

123 

4st-68 

100 

118 

125 

130 

128 

121 

123 

125 

123 

121 

120 

119 

4ST-70 

100 

117 

125 

129 

128 

121 

122 

121 

121 

121 

120 

120 

4ST-72 

100 

120 

127 

132 

130 

123 

124 

126 

126 

120 

120 

120 

5ST-74 

PBFS  No.  5 

100 

105 

112 

114 

112 

106 

no 

no 

no 

no 

108 

108 

5ST-76 

100 

106 

113 

113 

112 

105 

110 

107 

104 

105 

105 

104 

5ST-78 

100 

110 

116 

117 

116 

109 

in 

in 

109 

109 

no 

109 

5ST-80 

100 

116 

123 

122 

** 

5ST-82 

100 

117 

125 

124 

123 

115 

116 

n4 

114 

114 

115 

116 

5ST-84 

100 

120 

124 

124 

122 

114 

117 

113 

113 

112 

111 

111 

5ST-86 

100 

115 

122 

124 

122 

ns 

116 

n4 

113 

115 

113 

in 

5ST-88 

100 

112 

ns 

121 

119 

112 

113 

112 

no 

112 

112 

112 

5ST-90 

100 

114 

122 

123 

120 

U2 

115 

n4 

106 

108 

108 

106 

6ST-92 

PEPS  Ho.  6 

100 

121 

129 

131 

130 

121 

125 

123 

118 

120 

ns 

118 

6ST-94 

100 

124 

132 

135 

*• 

6ST-96 

100 

123 

133 

134 

134 

124 

128 

128 

127 

127 

127 

124 

6ST-98 

100 

125 

134 

134 

133 

125 

124 

120 

119 

117 

122 

122 

6ST-100 

100 

124 

135 

137 

132 

124 

124 

125 

116 

117 

121 

119 

6ST-102 

100 

124 

133 

136 

136 

127 

127 

128 

123 

121 

126 

125 

6ST-104 

100 

120 

130 

130 

128 

121 

121 

121 

117 

116 

119 

119 

6ST-106 

100 

126 

135 

134 

134 

125 

125 

124 

120 

119 

119 

117 

6ST-108 

100 

123 

129 

131 

129 

120 

120 

120 

117 

115 

117 

118 

7ST-110 

PBFS  No.  7 

100 

114 

124 

126 

** 

7ST-112 

100 

116 

124 

126 

125 

ns 

117 

121 

120 

118 

ns 

117 

7ST-114 

100 

115 

124 

124 

124 

120 

121 

120 

116 

116 

118 

117 

7ST-116 

100 

121 

129 

131 

131 

122 

123 

125 

123 

121 

123 

121 

7ST-118 

100 

122 

130 

133 

130 

124 

127 

126 

125 

125 

123 

123 

7ST-120 

100 

121 

131 

134 

134 

123 

125 

126 

125 

121 

122 

121 

7ST-122 

100 

117 

126 

128 

126 

118 

121 

120 

120 

116 

118 

117 

7ST-124 

100 

115 

122 

126 

125 

117 

119 

118 

116 

114 

115 

115 

7ST-126 

100 

114 

123 

127 

125 

118 

119 

120 

115 

113 

115 

115 

(Continued) 

Note:  Prom  1956  to  1958  the  wooden  tie-downs  were  resting  directly  on  these  specimens;  thereafter  they  were  spaced  so  as 
not  to  touch  the  concrete. 

*  Portland  blast-furnace  slag  cement. 

**  Returned  to  laboratory  1959* 


(Sheet  1) 


(Revised  August  1977) 
Table  1-BFS  (Continued) 


Section  11 


Exposure  Rack,  Row  5  (W  to  E) 


0 

~T55 — 

215 

365 

~ 535 — 

577 

— 

772 

907 

167o 

1200 

1356 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1956 

1957 

1958 

1959 

i960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

Beam  No. 

Cement 

*E 

*E 

*E 

*E 

*E 

*E 

P 

P 

*E 

*E 

P 

*E 

8ST-128 

Type  II  PCt 

100 

121 

128 

130 

125 

120 

120 

121 

121 

118 

121 

120 

8ST-130 

100 

117 

123 

125 

123 

n6 

114 

116 

116 

114 

114 

U4 

8ST-132 

100 

120 

126 

126 

122 

115 

n4 

112 

108 

108 

no 

no 

8ST-134 

100 

125 

133 

134 

132 

123 

125 

123 

122 

118 

120 

118 

8ST-136 

100 

123 

132 

132 

** 

8ST-138 

100 

123 

129 

133 

128 

120 

122 

121 

115 

115 

117 

115 

8ST-140 

100 

123 

130 

132 

128 

120 

120 

122 

120 

120 

120 

119 

8ST-142 

100 

123 

130 

131 

129 

119 

121 

123 

118 

116 

n6 

n6 

8ST-144 

100 

127 

135 

136 

132 

124 

126 

122 

122 

122 

122 

123 

9ST-146 

PBFS* **  No.  8 

100 

112 

120 

120 

120 

no 

n5 

116 

112 

112 

m 

in 

9ST-148 

100 

112 

120 

120 

120 

113 

in 

n3 

m 

111 

m 

in 

9ST-150 

100 

112 

121 

122 

121 

114 

116 

116 

113 

113 

115 

U5 

9ST-152 

100 

114 

122 

124 

122 

116 

117 

116 

n4 

113 

n6 

n8 

9ST-154 

100 

113 

123 

123 

123 

n4 

n6 

n7 

n4 

114 

n4 

n5 

9ST-156 

100 

110 

119 

119 

** 

9ST-158 

100 

111 

117 

118 

117 

107 

108 

106 

103 

105 

103 

104 

9ST-160 

100 

109 

116 

117 

118 

110 

in 

109 

107 

103 

105 

105 

9ST-162 

100 

111 

118 

120 

119 

no 

no 

108 

106 

102 

106 

106 

10ST-164 

Blend:  No.  2 

100 

116 

124 

128 

127 

120 

120 

119 

n8 

116 

118 

117 

10ST-166 

PBFS,  80*; 

100 

115 

120 

123 

120 

113 

n5 

116 

109 

109 

109 

110 

10ST-168 

nat  cem  A, 

100 

107 

113 

115 

111 

104 

107 

103 

101 

98 

91 

93 

10ST-170 

20^tt 

100 

114 

121 

123 

** 

10ST-172 

100 

113 

la 

122 

122 

112 

in 

in 

107 

105 

103 

105 

10ST-174 

100 

110 

117 

120 

117 

108 

no 

108 

105 

103 

100 

99 

IOST-176 

100 

112 

119 

122 

119 

in 

n3 

in 

109 

106 

106 

no 

IOST-178 

100 

111 

118 

120 

118 

110 

no 

in 

110 

108 

106 

108 

10ST-180 

100 

111 

117 

119 

n7 

108 

109 

107 

102 

104 

101 

101 

llST-182 

Blend:  No.  2 

100 

109 

115 

115 

113 

104 

108 

102 

97 

94 

92 

93 

11ST-184 

PBFS,  75*J 

100 

105 

110 

113 

113 

101 

103 

101 

94 

89 

89 

89 

llST-186 

nat  cem  A, 

100 

108 

114 

116 

114 

102 

105 

103 

96 

94 

92 

92 

llST-188 

25* 

100 

119 

125 

129 

128 

120 

121 

121 

118 

119 

ne 

U7 

llST-190 

100 

111 

118 

120 

** 

llST-192 

100 

109 

117 

118 

116 

106 

102 

108 

106 

113 

n5 

n7 

llST-194 

100 

no 

118 

117 

116 

104 

106 

103 

95 

72 

78 

77 

HST-196 

100 

106 

114 

111 

109 

93 

92 

92 

83 

81 

94 

93 

llST-198 

100 

106 

113 

115 

112 

101 

103 

101 

95 

92 

90 

90 

12ST-200 

Blend:  No.  2 

100 

106 

110 

112 

no 

100 

105 

100 

95 

92 

90 

90 

12ST-202 

PBFS,  7016; 

100 

101 

109 

109 

105 

83 

95 

94 

92 

89 

80 

81 

12ST-204 

nat  cem  A, 

100 

99 

103 

103 

101 

88 

89 

89 

84 

75 

72 

7: 

12ST-206 

30* 

100 

100 

104 

100 

100 

84 

87 

78 

74 

70 

62 

6C 

12ST-208 

100 

102 

106 

104 

104 

90 

92 

88 

79 

74 

69 

65 

12ST-210 

100 

111 

117 

116 

116 

103 

107 

103 

100 

95 

97 

97 

12ST-212 

100 

113 

120 

126 

121 

109 

no 

no 

107 

104 

101 

100 

12ST-214 

100 

117 

123 

126 

124 

114 

118 

118 

in 

106 

104 

107 

12ST-216 

100 

120 

126 

128 

#* 

1968-  Readings 


15U1 

1695 

1848 

2017 

'  2174 

2314 

2453 

2565 

2711 

2788 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

_JE 

P... 

P 

p 

p 

p 

p 

*E 

ist-4 

PBFS  Ho,  3 

109 

no 

112 

112 

100 

Failed 

1ST  -6 

120 

117 

120 

121 

105 

Failed 

1ST-8 

112 

114 

113 

n4 

99 

Failed 

1ST-10 

113 

114 

no 

103 

103 

97 

97 

98 

148 

116 

1ST-12 

m 

112 

112 

111 

116 

100 

102 

1 02 

127 

NR 

1ST-14 

113 

114 

108 

106 

no 

98 

98 

100 

102 

102 

1ST-16 

106 

102 

102 

102 

121 

75 

79 

79 

NR 

NR 

1ST -18 

105 

103 

103 

109 

116 

104 

150 

152 

NR 

NR 

2ST-20 

PBFS  No.  4 

114 

118 

116 

n7 

122 

122 

153 

153 

NR 

NR 

2ST-22 

117 

121 

119 

121 

123 

154 

154 

160 

NR 

NR 

2ST-24 

120 

125 

120 

122 

118 

123 

118 

123 

l8»* 

191 

2ST-28 

125 

123 

119 

124 

123 

109 

98 

100 

147 

NR 

2ST-30 

123 

125 

118 

123 

127 

no 

U7 

118 

122 

141 

2ST-32 

125 

126 

120 

128 

128 

no 

111 

112 

121 

136 

2ST-34 

119 

120 

114 

118 

116 

123 

124 

128 

134 

135 

2ST-36 

117 

118 

114 

119 

115 

119 

165 

165 

NR 

NR 

*  Portland  blast-furnace  slag  cement. 

**  Returned  to  laboratory  1959*  (Sheet  2) 

t  Portland  cenent. 
ft  Nat  can  -  natural  cenent. 

NR  A  satisfactory  reading  vas  not  ootalned  although  an  attempt  was  made  to  obtain  one. 
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o 


(Revised  August  1977) 
Table  1-BFS  (Continued) 


osure  Rack,  Row  5  (W  to  E) 


1541 

1695 

I8lt8 

2017 

2174 

2314 

2453 

2565 

2711 

2788 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

Beam  No. 

Cement 

He 

He 

He 

He 

He 

He 

He 

He 

He 

He 

3ST-38 

PBFS*  No.  1 

126 

126 

124 

121 

118 

97 

105 

107 

l 

IR 

] 

NR 

3ST-42 

122 

123 

118 

117 

H5 

128 

M 

3ST-44 

103 

102 

94 

NR 

D 

3ST-46 

99 

98 

97 

NR 

D 

3ST-48 

115 

116 

NR 

NR 

D 

3ST-50 

119 

121 

114 

117 

D 

3ST-52 

117 

us 

111 

114 

D 

3ST-54 

126 

128 

138 

NR 

D 

4ST-56 

PBFS  No.  2 

125 

126 

125 

128 

116 

NR 

98 

98 

118 

n4 

4ST-60 

125 

126 

125 

132 

NR 

NR 

NR 

NR 

D 

4ST-62 

113 

116 

106 

113 

NR 

NR 

M 

M 

4ST-64 

122 

122 

124 

120 

NR 

NR 

NR 

NR 

I 

) 

4ST-66 

120 

123 

115 

116 

NR 

NR 

M 

M 

4ST-68 

119 

119 

114 

U9 

NR 

NR 

M 

M 

4ST-70 

121 

119 

110 

114 

107 

140 

137 

142 

136 

124 

4ST-72 

120 

120 

113 

118 

NR 

NR 

M 

M 

5ST-74 

PBFS  No.  5 

106 

110 

114 

111 

104 

105 

107 

107 

l 

IR 

D 

5ST-76 

103 

104 

102 

99 

92 

94 

NR 

NR 

D 

5ST-78 

109 

107 

107 

103 

97 

100 

97 

99 

133 

137 

5ST-82 

111 

111 

112 

107 

104 

104 

M 

M 

5ST-84 

108 

110 

108 

99 

97 

99 

100 

101 

114 

113 

5ST-86 

111 

109 

108 

104 

102 

97 

99 

99 

I 

) 

5ST-88 

no 

110 

107 

105 

102 

96 

88 

90 

c 

16 

96 

5ST-90 

103 

102 

102 

96 

95 

70 

77 

78 

100 

106 

6ST-92 

PBFS  No.  6 

120 

120 

120 

116 

112 

101 

111 

111 

106 

! 

NR 

6ST-96 

126 

124 

125 

120 

115 

114 

114 

115 

I 

JR 

NR 

6ST-98 

120 

121 

115 

110 

107 

113 

113 

114 

D 

6ST-100 

119 

118 

117 

112 

no 

108 

108 

111 

r 

IR 

D 

6ST-102 

125 

124 

124 

120 

116 

117 

117 

117 

p 

IR 

D 

6ST-104 

116 

114 

113 

no 

108 

104 

104 

106 

108 

112 

6ST-106 

117 

119 

117 

112 

105 

87 

NR 

NR 

1 

) 

6ST-108 

117 

115 

113 

106 

92 

92 

93 

95 

c 

>1 

] 

NR 

7ST-112 

PBFS  No.  7 

ns 

117 

117 

109 

106 

105 

103 

105 

103 

1 

NR 

7ST-114 

us 

116 

116 

n4 

106 

109 

108 

no 

104 

1 

NR 

7ST-116 

122 

121 

119 

n4 

114 

109 

107 

112 

no 

I 

NR 

7ST-H8 

125 

126 

122 

n6 

ni 

114 

113 

114 

n4 

1 

NR 

7ST-120 

122 

118 

118 

n4 

107 

109 

107 

112 

115 

118 

7ST-122 

114 

114 

109 

100 

100 

97 

96 

98 

c 

18 

1 

NR 

7ST-124 

109 

ill 

107 

95 

103 

92 

92 

94 

c 

12 

94 

7ST-126 

112 

113 

111 

108 

106 

103 

126 

127 

130 

132 

8ET-128 

Type  II  PCt 

118 

116 

114 

nu 

123 

123 

118 

120 

118 

119 

8ST-130 

114 

112 

110 

n6 

105 

114 

114 

116 

105 

115 

86T-132 

108 

110 

108 

109 

99 

107 

107 

111 

112 

117 

8ST-134 

120 

119 

ns 

113 

105 

123 

121 

122 

122 

124 

8ST-138 

117 

115 

115 

ni 

104 

119 

116 

118 

114 

117 

8ST-140 

119 

121 

119 

107 

104 

114 

132 

130 

131 

121 

8ST-142 

116 

114 

116 

112 

109 

111 

119 

117 

ns 

119 

8ST-144 

121 

120 

ns 

nu 

ni 

111 

ns 

118 

142 

146 

9ST-146 

PBFS  No.  8 

112 

110 

108 

106 

102 

112 

114 

114 

NR 

1 

D 

9ST-148 

113 

in 

111 

109 

105 

116 

119 

118 

9ST-150 

117 

116 

114 

ll6 

112 

119 

120 

120 

9ST-152 

116 

114 

114 

n4 

123 

118 

174 

160 

9ST-154 

113 

110 

112 

112 

121 

139 

NR 

NR 

9ST-158 

101 

100 

100 

100 

115 

83 

NR 

NR 

9ST-160 

105 

105 

103 

101 

109 

88 

NR 

NR 

9ST-162 

106 

104 

105 

107 

116 

104 

105 

105 

10ST-164 

Blend:  No.  2 

114 

116 

114 

106 

NR 

96 

100 

102 

10ST-166 

PBFS ,  80%  i 

102 

100 

98 

108 

109 

93 

96 

96 

10ET-168 

nat  cem  A, 

82 

82 

83 

92 

85 

85 

NR 

NR 

10ST-172 

20*tt 

101 

101 

101 

74 

D 

10ST-174 

99 

101 

99 

103 

97 

101 

102 

102 

108T-176 

106 

104 

102 

103 

96 

76 

91 

89 

106T-178 

102 

103 

101 

97 

95 

80 

NR 

NR 

10ST-180 

93 

91 

91 

Broken 

*  Portland  blast-furnace  slag  cement, 
t  Portland  cement . 
ft  Nat  cem  *  natural  cement. 

NR  A  satisfactory  reading  was  not  obtained  although  an  attest  was  made  to  obtain  one. 
D  Specimens  so  deteriorated  that  no  reading  can  be  obtained. 

M  Missing. 


(Sheet  3) 


(Revised  August  1977) 
Table  1-BFS  (Continued) 


Section  11 


_ _ _  _  _  19&8-  Readings  _ 

1541  1555  1855  2017  2174  2314  2453  2565  2711  2786 

Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cyqles 


Exposure  Rack,  Row  5  (W  to  E) 


1968  1969 


1970 


1971 


1972  1973  1974 


1975 


Beam  No. 

Cement 

P 

P 

P 

p 

P 

P 

p 

_gE_ 

iisT-182 

Blend:  No.  2 

85 

82 

84 

62 

68 

NR 

NR 

NR 

11ST-184 

PBPS,  75 ii 

80 

76 

81 

52 

56 

NR 

NR 

NR 

list- 186 

nat  cem  A, 

82 

78 

76 

Broken 

11ST-188 

25* 

no 

106 

104 

9U 

86 

NR 

NR 

NR 

llST-192 

108 

106 

108 

Broken 

llsT-194 

69 

64 

66 

Broken 

llST-196 

68 

Failed 

UST-198 

86 

82 

75 

66 

62 

NR 

NR 

NR 

12ST-20O 

Blend:  No.  2 

84 

80 

81 

73 

68 

NR 

NR 

NR 

12ST-202 

PBPS,*  70*; 

Failed 

12ST-204 

nat  cem  A, 

Failed 

12ST-206 

30*tt 

Failed 

12ST-208 

Failed 

12ST-210 

86 

83 

87 

80 

81 

NR 

NR 

NR 

12ST-212 

92 

91 

Failed 

12ST-214 

95 

93 

96 

Failed 

1976 


1977 

JE_ 


•  Portland  blast-furnace  slag  cement . 
tt  Rat  cea  ■  natural  ceaent. 

RR  A  satisfactory  reading  was  not  obtained  although  an  atteapt  vas  Bade  to  obtain  one. 
D  Speciaens  so  deteriorated  that  no  reading  can  be  obtained. 


(Sheet  k) 


(Revised  Sept  1966) 


Table  2-BPS 


Record  of  Testing  of  Concrete  Beams  Made  for  Portland  Blast-furnace  Slag  Cement  Investigation 


Beam  No. 

Cement 

JL. 

_s_ 

X.'JOZ 

j£_ 

j£- 

JSL 

ISA-1 

PBFS*  No.  3 

100 

113 

118 

11/5 

118 

125 

ISA-3 

100 

112 

119 

118 

120 

n8 

ISA-5 

100 

115 

127 

119 

121 

129 

ISA -7 

100 

116 

126 

116 

123 

122 

ISA-9 

100 

116 

130 

119 

121 

120 

ISA-11 

100 

118 

131 

120 

122 

122 

ISA-13 

100 

107 

118 

107 

109 

109 

ISA-15 

100 

107 

117 

108 

no 

108 

ISA-17 

100 

107 

118 

109 

no 

in 

2SA-19 

PHFS  No.  k 

100 

122 

136 

139 

144 

141 

2SA-21 

100 

123 

137 

126 

127 

128 

2SA-23 

100 

121 

135 

123 

125 

124 

2SA-25 

100 

127 

142 

117 

n8 

U8 

2SA-27 

100 

126 

139 

128 

129 

129 

2SA-29 

100 

127 

142 

130 

130 

131 

2SA-31 

100 

119 

125 

118 

120 

121 

2SA-33 

100 

116 

120 

113 

115 

U5 

2SA-35 

100 

119 

125 

118 

n8 

120 

3SA-3T 

PBFS  No.  1 

100 

123 

137 

125 

130 

130 

3SA-39 

100 

123 

134 

125 

127 

127 

3SA-41 

100 

125 

138 

128 

131 

132 

3SA-43 

100 

129 

142 

139 

142 

142 

3SA-45 

100 

131 

147 

136 

139 

139 

3SA-47 

100 

130 

142 

139 

142 

142 

3SA-49 

100 

126 

147 

119 

120 

119 

3SA-51 

100 

123 

136 

117 

103 

n7 

3SA-53 

100 

123 

136 

114 

93 

n6 

4SA-55 

PBPS  No.  2 

100 

123 

137 

137 

119 

138 

4SA-57 

100 

123 

136 

125 

130 

131 

4SA-59 

100 

122 

136 

126 

129 

129 

4SA-61 

100 

131 

144 

131 

134 

134 

4SA-63 

100 

134 

145 

135 

136 

137 

4SA-65 

100 

133 

145 

133 

133 

134 

4SA-6T 

100 

119 

130 

119 

134 

134 

4SA-69 

100 

115 

124 

1 12 

127 

118 

4SA-T1 

100 

114 

121 

112 

112 

n3 

5SA-T3 

PBFS  No.  5 

100 

117 

126 

117 

131 

n6 

5SA-75 

100 

117 

129 

11/5 

n8 

n7 

5SA-77 

100 

118 

129 

117 

n8 

n8 

5SA-79 

100 

114 

123 

114 

U6 

in 

5SA-81 

100 

115 

127 

114 

n7 

116 

5SA-83 

100 

115 

127 

115 

n5 

115 

5SA-85 

100 

113 

123 

113 

115 

114 

5SA-87 

100 

114 

123 

118 

n8 

n8 

5SA-89 

100 

115 

128 

113 

n6 

115 

6SA-91 

PBFS  No.  6 

100 

127 

140 

130 

130 

130 

6SA-93 

100 

128 

136 

121 

146 

125 

6SA-95 

100 

129 

131 

123 

123 

125 

6SA-97 

100 

121 

135 

124 

125 

127 

6SA-99 

100 

122 

128 

121 

121 

122 

6SA-101 

100 

120 

127 

115 

U7 

U7 

6SA-103 

100 

125 

134 

127 

125 

127 

6SA-IO5 

100 

125 

131 

123 

129 

127 

6SA-107 

100 

122 

138 

124 

125 

125 

7SA-109 

PBFS  No.  7 

100 

122 

130 

121 

121 

121 

7SA-111 

100 

122 

128 

11/5 

ne 

U8 

7SA-113 

100 

123 

128 

119 

117 

126 

7SA-115 

100 

131 

143 

131 

132 

128 

7SA-117 

100 

131 

140 

130 

127 

128 

7SA-119 

100 

130 

140 

128 

129 

129 

7SA-121 

100 

122 

130 

118 

119 

119 

7SA-123 

100 

121 

129 

120 

120 

U8 

73A-125 

100 

120 

128 

118 

118 

125 

(Continued) 


*  Portland  blast-furnace  slag  cement . 


(Sheet  1) 


(Revised  Sept  1970) 

Table  2-BFS  (Continued)  Section  11 


1936-19 66  Readings' 


1956 

1955 

I960 

1952 

1964 

1555 

Beam  No. 

Cement 

JE_ 

JE. 

JE_ 

8SA-12T 

Type  II  PC** 

100 

126 

134 

121 

126 

121 

8SA-129 

100 

126 

136 

124 

122 

124 

8SA-131 

100 

126 

134 

122 

121 

121 

8SA-133 

100 

125 

132 

120 

120 

123 

8SA-135 

100 

125 

132 

120 

120 

121 

8SA-137 

100 

125 

136 

122 

122 

115 

Bsa-139 

100 

128 

135 

120 

120 

122 

8SA-141 

100 

131 

137 

125 

125 

132 

8SA-143 

100 

129 

135 

120 

120 

132 

9SA-145 

PBFS*  No.  8 

100 

121 

130 

116 

116 

114 

9SA-147 

100 

1x9 

128 

U7 

117 

115 

9SA-149 

100 

119 

128 

117 

117 

in 

9SA-151 

100 

117 

124 

112 

112 

no 

9SA-X53 

100 

115 

124 

115 

117 

117 

9SA-155 

100 

114 

116 

107 

107 

109 

9SA-157 

100 

120 

129 

117 

117 

n9 

9SA-159 

100 

122 

130 

117 

119 

121 

9SA-161 

100 

120 

129 

117 

119 

us 

IOSA-163 

Blend:  No.  2 

100 

123 

131 

117 

122 

122 

10SA-165 

PBFS,  80$; 

100 

124 

134 

120 

122 

122 

IOSA-167 

nat  cem  A, 

100 

128 

138 

126 

135 

126 

IOSA-169 

20jtt 

100 

124 

127 

117 

118 

113 

10SA-171 

100 

122 

130 

123 

12^4 

124 

10SA-173 

100 

123 

130 

114 

115 

120 

10SA-175 

100 

124 

135 

118 

119 

122 

10SA-177 

100 

124 

136 

124 

125 

123 

10SA-179 

100 

126 

137 

125 

127 

126 

llSA-l8l 

Blend:  No.  2 

100 

125 

133 

120 

123 

123 

1 ISA-183 

PBFS,  75fo 

100 

123 

131 

119 

119 

119 

llSA-185 

nat  cem  A, 

100 

124 

130 

118 

119 

126 

USA-187 

25* 

100 

128 

138 

123 

123 

128 

USA-189 

100 

129 

138 

122 

124 

128 

USA-191 

100 

127 

136 

125 

126 

130 

USA-193 

100 

123 

131 

122 

124 

119 

USA-195 

100 

123 

130 

ns 

120 

120 

USA-197 

100 

126 

137 

122 

124 

126 

12SA-199 

Blend:  No.  2 

100 

121 

129 

117 

124 

121 

12SA-201 

PBFS,  70%; 

100 

118 

125 

114 

120 

109 

12SA-203 

nat  cem  A, 

100 

121 

127 

111 

111 

120 

12SA-205 

p* 

100 

125 

129 

127 

128 

123 

12SA-207 

100 

124 

131 

119 

119 

121 

12SA-209 

100 

122 

128 

lit 

116 

ns 

12SA-211 

100 

122 

129 

118 

119 

126 

12SA-213 

100 

ip 

138 

125 

125 

130 

12SA-215 

100 

131 

l4o 

127 

128 

Lost 

19587 

Readings 

1555 

1970 

JE_ 

JE_ 

ISA-1 

PBFS  No.  3 

125 

Lost 

ISA -3 

118 

117 

ISA -5 

121 

121 

IS  A -7 

123 

121 

ISA -9 

118 

118 

ISA-11 

120 

119 

ISA -13 

103 

103 

ISA-15 

107 

107 

ISA-17 

108 

107 

2SA-19 

PBFS  No.  4 

136 

133 

2SA-21 

1?4 

122 

2SA-23 

1X7 

117 

PSA -25 

112 

112 

PSA-27 

133 

131* 

2SA-P9 

135 

135 

PSA -31 

122 

121 

PSA-33 

115 

113 

2SA-35 

120 

120 

*  Portland  blast-furnace  slag  cement. 
**  PC  =  portland  cement, 
t  Nat  cem  •  natural  cement. 


. __  .. _ _ _ _ 


a  ■ _ .... 


(Revised  Sept  1970) 
Table  2-BFS  (Cbntinued ) 


Section  11 


IgSB- 

1970 

Beam  No. 

Cement 

JE_ 

3SA-37 

PBFS *  No.  1 

132 

131 

3SA-39 

123 

Lost 

3SA-41 

129 

Lost 

3SA-43 

lUl 

l4l 

3SA-45 

139 

136 

3SA-47 

l4l 

l4o 

3SA-49 

119 

117 

3SA-51 

117 

116 

3SA-53 

11U 

114 

4SA-55 

PBFS  No.  2 

138 

134 

4SA-57 

126 

Lost 

4SA-59 

129 

128 

4SA-61 

135 

135 

4SA-63 

140 

139 

4SA-65 

137 

137 

4SA-67 

139 

135 

4SA-69 

114 

% 

113 

4SA-71 

114 

114 

5SA-73 

PBFS  No.  5 

ns 

ns 

5SA-75 

119 

119 

5SA-77 

119 

119 

5SA-79 

113 

113 

5SA-81 

ns 

118 

5SA-83 

115 

113 

5SA-85 

112 

Lost 

5SA-87 

ns 

Lost 

5SA-89 

111 

110 

6SA-01 

PBFS  No.  6 

123 

123 

6SA-93 

131 

131 

6SA-95 

125 

123 

6SA-97 

127 

125 

6SA-99 

126 

Lost 

6SA-101 

119 

Lost 

6SA-103 

131 

Lost 

6SA-105 

132 

Lost 

6SA-107 

129 

Lost 

7SA-109 

PBFS  No.  7 

126 

Lost 

7SA-111 

119 

Lost 

7SA-113 

126 

Lost 

7SA-115 

124 

124 

7SA-117 

128 

127 

7SA-119 

131 

128 

7SA-121 

121 

120 

7SA-123 

121 

119 

7SA-125 

125 

124 

8SA-127 

Type  II  PC** 

124 

122 

8SA-129 

120 

ns 

8SA-131 

121 

121 

8SA-133 

121 

119 

8SA-135 

122 

122 

8SA-137 

116 

115 

8SA-139 

118 

117 

8SA-141 

138 

138 

8SA-143 

128 

128 

9SA-145 

PBFS  No.  8 

112 

112 

9SA-147 

110 

109 

9EA-149 

111 

109 

9SA-151 

111 

109 

9SA-153 

116 

114 

9SA-155 

109 

107 

9SA-157 

119 

ns 

9GA-159 

119 

118 

9SA-161 

120 

120 

106A-163 

Blend:  No.  2 

121 

121 

IOSA-I65 

PBFS,  80*; 

107 

105 

10SA-167 

nat  cem  A , 

122 

121 

IOSA-I69 

20<t 

110 

109 

10SA-171 

123 

121 

10SA-173 

117 

115 

10SA-175 

121 

121 

10SA-177 

118 

117 

10SA-179 

131 

130 

(Continued) 

*  Portland  blast-furnace  slag  cement. 
**  PC  *  portland  cement, 
t  Nat  cem  =  natural  cement. 


1968-  Readings 


(Sheet  3) 


(Revised  Sept  1970) 
Table  2-BFS  (Concluded) 


1965 

1970 

Beam  No. 

Cement 

JE_ 

JE_ 

11SA-181 

Blend:  No.  2 

125 

123 

llSA-183 

PEFS,*  75* ; 

118 

116 

IISA-I85 

nat  cem  A, 

126 

126 

11SA-187 

25*t 

121 

120 

IISA-I89 

132 

131 

1  ISA-191 

129 

127 

11SA-193 

112 

111 

11SA-195 

118 

117 

11SA-197 

131 

131 

12SA-199 

Blend:  No.  2 

120 

120 

12SA-201 

rare,  70*; 

110 

110 

12SA-203 

nat  cem  A, 

121 

118 

12SA-205 

30* 

129 

128 

12SA-207 

119 

119 

12SA-209 

124 

122 

12SA-211 

126 

124 

12SA-213 

125 

125 

*  Portland  blast -furnace  slag  cement, 
t  Nat  cement  =  natural  cement. 


(issued  Sept  1969) 


Section  12 


Specimen  Size-Frost  Effects  Investigation 


In  December  1968,  18  concrete  specimens  (four  sizes)  were  installed 
on  the  Treat  Island  exposure  rack.  This  installation  consisted  of  nine 
3-1/2-  by  4-1/2-  by  l6-in.  beams,  three  6-  by  6-  by  30-in.  beams,  three 
2-ft  cubes,  and  three  18-  by  18-  by  36-in.  prisms.  The  purpose  of  this 
installation  was  to  develop  data  on  the  effect  of  specimen  size  on  the 
durability  of  concrete  specimens  in  tidal  exposure. 

The  four  sizes  of  concrete  test  specimens  were  made  from  six  batches 
of  the  same  concrete  mixture.  The  mixture  contained  crushed  limestone 
fine  and  coarse  aggregates  and  had  the  following  characteristics: 

Coarse  aggregate  -  100$  passing  1-in.  sieve 
Fine  aggregate  -  98~100 $  passing  No.  4  sieve 
Cement  -  type  II  port land 
Air  content  -  4-l/2  +  l/2 $ 

Water-cement  ratio  -  5-5  gal/bag 
Slump  -  2-l/2  +  l/2  in. 

Sand  content  -  36  to  42$ 

Cement  factor  -  6.0  +  0.3  bags/cu  yd 

Compressive  strength  at  28  days  age  (nominal)  -  5000  psi 
Table  1-SSFE  lists  these  concrete  specimens  and  gives  their  exposure 
record  along  with  other  pertinent  information. 


(Revised  August  1977) 


Table  1-SSFE  Section  12 

Record  of  Testing  of  Concrete  Specimens  for  Specimen  Size-Frost  Effects  Investigation 
1968-  (installed  Dec  1968) 


0  Cycles,  1968 


Specimen 

No. 

Air 

Content* 

_i _ 

Ig¬ 

Pulse 

Veloc 

fps 

tL 

R0S-4A 

4.3 

loo 

15,465 

100 

R0S-4B 

4.3 

100 

15,930 

100 

R0S-4C 

4.3 

100 

16,420 

100 

R0S-5A 

4.6 

100 

15,740 

100 

R0S-5B 

4.6 

100 

16,420 

100 

R0S-5C 

4.6 

100 

16,420 

100 

R0S-6A 

4.2** 

100 

16,120 

100 

R0S-6B 

4.2** 

100 

16,320 

100 

R0S-6C 

4.2** 

100 

16,320 

100 

ROS-l 

4.0 

100 

14,795 

100 

ROS-2 

4.4** 

100 

14,705 

100 

ROS-3 

4.8 

100 

15,335 

100 

ROS-l 

4.0 

100 

15,210 

100 

ROS-2 

4.4** 

100 

15,265 

100 

ROS-3 

4.8 

100 

15,150 

100 

ros-4 

4.3 

100 

15,750 

100 

ROS-5 

4.6 

100 

15,545 

100 

ros-6 

4.2** 

100 

15,425 

100 

_ Exposure  Rack 

19&-1975  Readings 


139 

Cycles 

1969 

292 

Cycles 

1970 

— m. — 

Cycles 

1971 

- 53 

Cycles 

1972 

758 

Cycles 

1973 _ 

557 

Cycles 

1974 _ 

1009 

Cycles 
1975 _ 

HL. 

id 

!L 

id 

2. 

2d 

3-1/2-  by  4-1/2-  by  16-ln. 

Beams 

102 

107 

107 

100 

118 

91 

118 

102 

115 

96 

116 

119 

116 

80 

104 

99 

110 

96 

119 

82 

119 

96 

117 

94 

118 

no 

ns 

57 

101 

95 

108 

89 

H9 

78 

119 

89 

119 

93 

ns 

105 

119 

64 

102 

104 

108 

101 

118 

86 

120 

94 

121 

101 

120 

95 

ns 

66 

10 0 

100 

109 

93 

119 

79 

117 

85 

117 

103 

118 

111 

118 

70 

99 

95 

110 

91 

120 

83 

118 

91 

118 

98 

119 

105 

ns 

70 

101 

99 

111 

94 

119 

84 

117 

96 

117 

96 

116 

105 

117 

73 

100 

94 

110 

88 

us 

75 

116 

90 

ns 

99 

120 

103 

120 

70 

101 

90 

110 

84 

117 

75 

115 

84 

120 

104 

119 

105 

120 

67 

6-  by  6-  by  30- 

'in.  Beams 

100 

114 

115 

112 

111 

92 

109 

99 

109 

112 

109 

127 

109 

152 

102 

116 

126 

111 

121 

90 

n8 

99 

116 

101 

ns 

123 

116 

150 

100 

105 

108 

104 

101 

81 

102 

98 

104 

98 

104 

113 

104 

130 

2- 

ft  Cubes 

t 

101 

t 

99 

t 

82 

t 

10. 

t 

102 

t 

119 

t 

150 

t 

100 

t 

94 

t 

78 

t 

93 

t 

103 

t 

112 

t 

l4l 

t 

100 

♦ 

97 

t 

80 

t 

100 

+ 

97 

t 

no 

t 

106 

18-  by  18- 

by  36-in.  Prisms 

94 

102 

106 

99 

107 

89 

105 

95 

108 

105 

109 

105 

109 

109 

94 

102 

102 

100 

114 

87 

116 

99 

116 

105 

116 

108 

116 

111 

97 

103 

108 

100 

108 

90 

108 

101 

108 

111 

108 

108 

108 

109 

1155 

1232 

Cycles 

Cycles 

1976 

1977 

JE_ 

JE_  tf_ 

R0S-4A 

4.3 

113 

113 

113 

91 

R0S-4B 

4.3 

116 

105 

116 

87 

R06-4C 

4.3 

121 

100 

117 

85 

ROS-5 A 

4.6 

102 

116 

114 

87 

R06-5B 

4.6 

119 

105 

120 

89 

R0S-5C 

4.6 

121 

100 

120 

87 

R0S-6A 

4.2## 

118 

98 

117 

93 

ROS-tB 

4.2** 

115 

100 

117 

89 

ROS-6C 

4.2** 

117 

105 

117 

70 

ROS-l 

4.0 

109 

119 

107 

116 

ROS-2 

4.4** 

112 

114 

119 

116 

ROS-3 

4.8 

100 

100 

102 

101 

R06-1 

4.0 

t 

112 

t 

112 

ROS-2 

4.4** 

t 

100 

t 

106 

ROS-3 

4.8 

t 

102 

t 

108 

RCB-4 

4.3 

106 

108 

107 

103 

ROS-5 

4.6 

118 

no 

118 

106 

R0S-6 

4.2** 

112 

no 

112 

104 

1976- _ Readings 


3-1/2-  by  4-1/2-  by  l6-in.  Beams 


6-  by  6-  by  30-in.  Beams 


2- ft  Cubes 


18-  by  l8-  by  36-in.  Prisms 


•  Air  content  determined  on  each  batch;  six  batches  of  concrete  were  made  for  this  investigation, 

**  Slump  was  2-1/4  In.  for  these  batches;  slrnsp  of  all  other  batches  of  concrete  was  2  in. 
t  Unable  to  obtain  satisfactory  flexural  frequency  reading  on  these  cubes. 


(issued  Jan  1973) 


Section  13 


Trumbull  Pond  Dam  Prisms 


In  June  1972,  six  concrete  prisms  (l8  by  18  by  36  in.)  were  installed 
on  the  Treat  Island  exposure  rack  to  determine  the  durability  of  two  inte¬ 
rior  mass  concrete  mixtures  containing  the  aggregate  being  considered  for 
use  in  Trumbull  Pond  Dam. 

The  prisms  were  made  from  two  concrete  mixtures  (three  prisms  per  mix¬ 
ture);  the  fine  and  coarse  aggregates  used  were  pit-run  sand  and  gravel, 
maximum  size  6  in., 'from  an  undeveloped  on-site  source.  Both  concrete  mix¬ 
tures  were  air  entrained  (5  +  1  percent)  with  a  slump  of  2  +  l/2  in.  Type  II 
Portland  cement  was  used  in  both  mixtures,  with  one  mixture  containing  a 
replacement  material  (35  percent  by  solid  volume).  Water-cement  ratios  were 
0.66  and  0.63,  by  weight;  cement  factors  were  2.90  and  3-15  bags  per  cu  yd. 

Table  1-TP  lists  these  concrete  specimens  and  gives  their  exposure 
record  along  with  other  pertinent  information. 


(Revised  August  1977) 
Table  1-TP 


Section  13 


Record  of  Testing  of  Trumbull  Pond  Dam  Concrete  Prisms 


1972-  (Installed  June  1972) 


Exposure  Rack,  Row  3 


Cementitious  Ma-  1972-1975  Readings 


0  Cycles .  1972 

Cement 

Type  II 

Pulse 

1 ' 

140  Cycles 

27b  Cycles 

38b  Cycles 

Replacement 

Ratio 

Portland 

Velocity 

sd 

_ 1213 _ 

- J2I>! _ 

_ 

1975 

Prism  No. 

Material 

by  Wt 

Cement 

Fly  Ash 

4E_ 

fps 

%E 

tr 

%F. 

fV _ 

%F. 

tv 2 

Cem-1 

None 

0.66 

273 

0 

100 

13,760 

100 

113 

111 

113 

103 

109 

98 

Cem-2 

None 

0.66 

273 

0 

100 

13,890 

100 

117 

101 

115 

106 

111* 

127 

Cem-3 

None 

0.66 

273 

0 

100 

14,220 

100 

101 

108 

100 

105 

99 

126 

FA-1 

Fly  ash* 

0.63 

192 

79 

100 

13,335 

100 

118 

103 

113 

108 

108 

107 

FA -2 

Fly  ash* 

0.63 

192 

79 

100 

13,275 

100 

125 

116 

121 

106 

116 

98 

FA-3 

Fly  ash* 

0.63 

192 

79 

100 

13,335 

100 

120 

92 

106 

58 

106 

End  gone 

1976. 

Readings 

531*  Cycles  611  Cycles 

1976  1977 


&s  tv2  to  tv2 


Cem-1 

None 

0.66 

273 

0 

75 

NR 

NR 

NR 

Cem-2 

None 

0.66 

273 

0 

109 

102 

77 

106 

Cem-3 

None 

0.66 

273 

0 

100 

91 

U7 

97 

FA-1 

Fly  ash* 

0.63 

192 

79 

119 

NR 

62 

NR 

FA-2 

Fly  ash* 

0.63 

192 

79 

106 

NR 

NR 

NR 

FA-3 

Fly  ash* 

0.63 

192 

79 

— 

— 

— 

— 

•  35  percent  replacement  by  solid  volume j  all  prisms  contain  type  II  portland  cement. 

HR  denotes  a  satisfactory  reading  could  not  be  obtained. 


(issued  Sept  1969) 


Section  l4 


Investigation  of  4-l/2-in.  Aggregate  Concrete 

In  December  1968,  12  concrete  prisms  (l8  by  18  by  36  in.)  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack.  The  purpose  of  this  installa¬ 
tion  was  to  determine  the  durability  of  mass  concrete  containing  4-l/2-in. 
maximum  size  aggregate. 

The  prisms  were  made  from  six  concrete  mixtures  (two  prisms  per  mix¬ 
ture);  the  fine  and  coarse  aggregates  used  in  all  mixtures  were  of  a 
crushed  limestone,  maximum  size  4-l/2  in.  Each  concrete  mixture  was  air- 
entrained  (5  +  1$)  with  a  slump  of  2  +  l/2  in.  Type  II  portland  cement  was 
used  in  all  mixtures,  and  three  mixtures  also  contained  a  replacement  mate¬ 
rial  (30$  by  solid  volume).  Water-cement  ratios  were  0.8,  0.9)  or  1.0,  by 
weight;  cement  factors  varied  from  1.84  to  2.40  bags  per  cu  yd. 

Table  1-4. 5A  lists  these  concrete  specimens  and  gives  their  exposure 
record  along  with  other  pertinent  information. 


(Revised  August  1977) 

Table  1-4. 5A  Section  14 

Record  of  Testing  of  Prisms  Made  for  Investigation  of  4-l/2-in.  Aggregate  Concrete 
1968-  (Installed  Dec  1968) 


Exposure  Rack.  Row  2 


_ i2 

bo-1972  Readings 

Water- 

Cement 

0 

Cycles,  1968 

1 

39 

292 

46i 

53F 

Replacement 

Material 

Cement 
Ratio 
by  Wt 

Factor 
bags/ 
cu  yd 

Pulse 

Veloc 

1969 

1970 

1971 

_ 1212 _ 

Prism  No. 

Date  Made 

JE_ 

it 

Z 

z 

ftv2 

Mix  1,  Rd 

1 

Oct  1967 

None 

0.8 

2.30 

100 

16,130 

100 

87 

102 

106 

99 

105 

73 

91 

62 

Rd 

2 

Oct  1967 

None 

0.8 

2.30 

100 

16,130 

100 

96 

101 

105 

99 

104 

61 

91 

NR** 

Mix  2,  Rd 

1 

Nov  1967 

None 

0.9 

2.04 

100 

15,705 

100 

99 

103 

102 

100 

101 

83 

89 

81 

Rd 

2 

Dec  1967 

None 

0.9 

2.04 

100 

16,045 

100 

99 

99 

91 

92 

87 

66 

NR 

43 

Mix  3,  Rd 

1 

Apr  1968 

None 

1.0 

1.84 

100 

15,705 

100 

95 

103 

88 

95 

83 

69 

82 

NR 

Rd 

2 

July  1968 

None 

1.0 

1.84 

100 

15,750 

100 

97 

103 

110 

99 

109 

75 

Failed 

NR 

Mix  4,  Rd 

1 

Apr  1968 

Fly  ash* 

0.8 

2.40 

100 

l6,44o 

100 

93 

104 

122 

98 

108 

76 

110 

86 

Rd 

2 

July  1968 

Fly  ash* 

0.8 

2.40 

100 

16,045 

100 

89 

99 

120 

96 

116 

79 

111 

91 

Mix  5,  Rd 

1 

June  1968 

Fly  ash* 

0.9 

2.14 

100 

15,790 

100 

95 

111 

106 

107 

106 

86 

99 

96 

Rd 

2 

July  1968 

Fly  ash* 

0.9 

2.14 

100 

15,665 

100 

90 

108 

103 

105 

103 

84 

100 

65 

Mix  6,  Rd 

1 

July  1968 

Fly  ash* 

1.0 

1.94 

100 

15,625 

100 

101 

102 

65 

97 

Failed 

78 

Failed 

58 

Rd 

2 

July  1968 

Fly  ash* 

1.0 

1.94 

100 

15,545 

100 

97 

107 

105 

96 

103 

75 

84 

84 

758  Cycles 


891*  Cycles 
1974 


Readings 


1972-1211 _ 

1006  Cycles 
1975 


1152  Cycles 
1976 


1229  Cycles 
1977 _ 


*E 

2vL 

%E 

*v2 

HE 

*yi 

He 

»V2 

Mix  1,  Rd 

1 

Oct  1967 

None 

0.8 

2.30 

77 

86 

75 

61 

72 

67 

93 

14 

90 

18 

Rd 

2 

Oct  1967 

None 

0.8 

2.30 

NR 

— 

Failed 

Mix  2,  Rd 

1 

Nov  1967 

None 

0.9 

2.04 

92 

92 

NR 

98 

Failed 

Rd 

2 

Dec  1967 

None 

0.9 

2.04 

Failed 

Mix  3,  Rd 

1 

Apr  1968 

None 

1.0 

1.84 

NR 

NR 

Failed 

Rd 

2 

July  1968 

None 

1.0 

1.84 

Failed 

NR 

Mix  4,  Rd 

1 

Apr  1968 

Fly  ash* 

0.8 

2.40 

101 

98 

92 

92 

92 

95 

95 

37 

Failed 

Rd 

2 

July  1968 

Fly  ash* 

0.8 

2.40 

107 

103 

100 

96 

100 

108 

Failed 

Mix  5,  Rd 

1 

June  1968 

Fly  ash* 

0.9 

2.14 

95 

111 

86 

103 

86 

111 

66 

50 

73 

48 

Rd 

2 

July  1968 

Fly  ash* 

0.9 

2.14 

93 

104 

87 

105 

81 

107 

79 

11 

Failed 

Mix  6,  Rd 

1 

July  1968 

Fly  ash* 

1.0 

1.94 

Failed 

95 

Failed 

Rd 

2 

July  1968 

Fly  ash* 

1.0 

1.94 

73 

93 

NR 

78 

Failed 

*  30*36  replacement  by  solid  volume;  all  prisms  contain  type  II  portland  cement 
**  NR  denotes  a  satisfactory  reading  could  not  be  obtained. 


(Issued  August  1977)  Key  to  Section  15 

Sulfur-Infiltrated  Concrete  ( Canadian) 

Aggregates:  Coarse,  limestone,  Ottawa 

Fine,  natural  sand,  Ottava  Valley,  Ottawa 

Admixture:  Air-entraining,  DAREX,  V.  R.  Grace 

Cement:  Type  I  (CSA  type  10),  Canada  Cement  La  Farge, 

Hull,  Quebec 

Sulfur:  99.9  percent  pure  sulfur  obtained  commercially 
(Ottawa) 


(Issued  August  1977) 


Section  15 


Sulfur-Infiltrated  Concrete  (Canadian) 

In  January  1976,  the  Canada  Centre  for  Mineral  and  Energy  Tech¬ 
nology  received  permission  from  the  Office,  Chief  of  Engineers,  to 
install  specimens  of  sulfur- infiltrated  concrete  at  the  Treat  Island 
exposure  station. 

In  August  1976,  eighteen  U-  by  8-in.  cylinders  and  thirty-six 
3-  hy  6-in.  cylinders  were  installed  at  half-tide  elevation  on  the 
exposure  rack.  The  cylinders  were  made  from  nine  different  concrete 
mixtures  that  included  air-entrained  and  nonair-entrained  concrete. 
The  fine  and  coarse  aggregates  were  natural  sand  and  1/2- in. -maximum 
size  limestone,  respectively.  Type  I  (CSA  Type  10)  portland  cement 
was  used  in  the  mixtures.  Tables  1,  2,  and  3  contain  pertinent  data 
on  mixtures  and  specimens.  Table  1-SIC  contains  the  exposure  records 
of  installed  specimens. 

In  July  1977 »  15  sulfur- infiltrated  precast  concrete  elements 
were  installed  as  additions  to  the  program.  Pertinent  data  on  these 
specimens  will  be  included  as  the  information  becomes  available. 


(Issued  August  1977) 
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(issued  August  1977) 

Table  2  Section  15 

Infiltrated  3-  x  6-in.  Cylinders 


Specimen 

Density 

Sulfur 

48-hr 

Compressive 

Strength 

No. 

lb/cu  yd 

_S_ 

%* 

psi 

81-5 

157.4 

187 

11.8 

ll,04o 

81-6 

156.9 

184 

11.7 

10,475 

81-7** 

156.5 

180 

11.6 

81-8** 

156.6 

169 

11.0 

81-9** 

157.2 

201 

12.9 

81-10** 

156.8 

197 

12.7 

82-5 

157.7 

191 

12.3 

11,605 

82-6 

158.0 

197 

12.8 

11,180 

82-7** 

157.8 

198 

12.8 

82-8** 

157.7 

202 

12.9 

82-9** 

157.8 

199 

12.7 

82-10** 

157.9 

197 

12.9 

83-5 

156.6 

197 

12.6 

11,040 

83-6 

157.2 

203 

13.2 

10,900 

83-7** 

157.8 

200 

12.8 

83-8** 

157.2 

204 

13.0 

83-9** 

157.4 

207 

13.4 

83-10** 

157.7 

198 

12.7 

8U— 5 

158.2 

200 

12.7 

10,970 

84-6 

156.2 

205 

13.2 

11,325 

81+-7** 

158.5 

204 

13.4 

84-8** 

158.5 

199 

13.0 

8U-9** 

158.5 

205 

13.5 

84-10** 

158.4 

204 

13.1 

85-5 

157.6 

209 

13.6 

12,170 

85-6 

158.2 

206 

13.3 

11,605 

85-7** 

158.2 

203 

13.1 

85-8** 

158.4 

194 

12.3 

85-9** 

158.2 

207 

13.1 

85-10** 

158.2 

210 

13.5 

_ (Continued) 

*  Weight  of  sulfur/weight  of  dry  specimen. 
**  Exposed  Treat  Island  specimens. 


(Issued  August  1977) 
Table  2  (Continued) 


Section  15 


48-hr 

Compressive 

Specimen 

Density 

Siil  fur 

Strength 

No. 

lb/cu  yd 

%* 

psi 

86-5 

151.2 

223 

15.0 

10,190 

86-6 

151.5 

237 

16.2 

9,910 

86-7** 

150.3 

236 

16.1 

86-8** 

150.2 

226 

15.6 

86-9** 

151.3 

239 

16.5 

86-10** 

151.5 

252 

17.9 

87-5 

155.0 

283 

19-6 

12,030 

87-6 

155.  4 

276 

19.0 

11,750 

87-7** 

154.5 

286 

19.9 

87-8** 

155.0 

284 

19.6 

87-9** 

154.9 

285 

19.7 

87-10** 

155.6 

282 

19.3 

88-5 

155.1 

293 

20.4 

12,030 

88-6 

155.2 

284 

19.5 

11,890 

88-7** 

155.0 

281 

19.7 

88-8** 

155.1 

291 

20.5 

88-9** 

155.0 

294 

20.5 

88-10** 

154.9 

288 

20.3 

89-5 

155.2 

287 

20.4 

11,040 

89-6 

155.2 

276 

19.3 

11,180 

89-7** 

155.9 

279 

19.1 

89-8** 

155.5 

277 

19.2 

89-9** 

155.7 

276 

18.9 

89-10** 

155.7 

278 

19.6 

* 

«« 


Weight  of  sulfur/weight  of  dry  specimen 
Exposed  Treat  Island  specimens. 


(Issued  August  1977) 

Table  3 

Infiltrated  k-  x  8-in.  Cylinders 


Section  15 


Specimen 

Density 

Sulfur 

1+8-hr 

Compressive 

Strength 

No. 

lb/cu  yd 

_g_ 

% 

psi 

81-5 

151+.0 

391+ 

10.6 

10,110 

81-6* 

153.5 

369 

9.9 

81-7* 

153.9 

386 

10.1+ 

82-5 

156.0 

1+35 

11.7 

10,030 

82-6* 

155.2 

1+16 

11.1 

82-7* 

156.1 

1+38 

12.0 

83-5 

15U.6 

398 

10.6 

10,030 

83-6* 

153.8 

388 

10.7 

83-7* 

151*.! 

1+11 

11.1 

8U-5 

155.  k 

1+09 

11.0 

10,670 

8U-6* 

155.3 

1+01 

10.9 

8U-7* 

155.9 

1+12 

11.1 

85-5 

157.8 

1+15 

11.3 

11,385 

85-6* 

157.lt 

1+1+9 

12.3 

85-7* 

156.9 

1+1+7 

12.3 

86-5 

153.1 

518 

11+.9 

7,800 

86-6* 

11+6.2 

1+1+6 

13.1 

86-7* 

11+6.3 

1+60 

13-2 

87-5 

153.1 

6l  1+ 

18.1 

11, 5^5 

87-6* 

15I+.O 

64l 

18.6 

87-7* 

152.1+ 

591 

17.1 

88-5 

152.0 

619 

18.5 

10,030 

88-6* 

152.2 

601+ 

17.5 

88-7* 

152.5 

592 

17.2 

89-5 

155.9 

660 

18.8 

11, ^65 

89-6* 

156.0 

638 

18.3 

89-7* 

155.7 

61+1 

18.6 

*  Exposed  Treat 

Island  specimens. 

(Issued  August  1977)  Key  to  Section  16 

Roller  Compacted  Concrete 
North  Pacific  Division  -  Walla  Walla  District 


Aggregates:  Coarse  -  natural  minus  3-in.  pit-run  gravel,  Benton  County 
Pit.  Fine-Benton  County  pit-run  sand. 

Air-Entraining  Admixture:  Neutralized  vinsol  Resin  (NVX),  Hercules 

Powder  Co. 

Cement:  Sim  Types  I  and  II,  Oregon  Cement  Co.,  Lime,  Oreg. 


Section  l6 


(Issued  August  1977) 

Roller  Compacted  Concrete 
U.  S.  Army  Engineer  Division.  North  Pacific.  U.  S.  Army 
Engineer  District.  Walla  Walla.  CE. 

In  July  1977 »  six  roller  compacted  concrete  beams  (12  by  12  by 
36  in.)  were  installed  on  the  Treat  Island  exposure  rack  for  the  North 
Pacific  Division  Materials  Laboratory.  The  mixes.  No.  17257  and 
No.  17258,  are  considered  as  interior  and  exterior  mixes,  respectively, 
and  were  designed  and  tested  for  Zintel  Canyon  Optimum  Gravity  Dam 
(Walla  Walla  District),  Kennewick,  Wash.  Portland  cement  types  I  and 
II  and  air-entraining  admixture  were  used  in  both  mixtures.  Fine  and 
coarse  aggregates  used  were  pit- run  sand  and  gravel  (natural  minus 
3  in.).  Table  1-RCC  gives  the  exposure  record  of  the  beams.  More  mix¬ 
ture  data  are  given  below: 


Mix 

No. 

Cement 
Content 
lb/cu  yd 

Water/ 

Cement 

Ratio 

Vebe 

sec 

A.E.A. 
ml/cu  yd 

Air 

Con¬ 

tent 

% 

Theore¬ 

tical 

Unit 
Weight 
lb/cu  ft 

Compressive 
Strength,  psi 
28-day  90-day 

17257 

100 

1.95 

11 

2000 

2.1* 

153.8 

610 

1090 

17258 

200 

0.98 

17 

1700 

1.2 

15U.1+ 

1920 

2280 

(Issued  August  1977) 


Section  16 


Table  1-RCC 

Record  of  Testing  for  Roller  Compacted  Concrete 

(installed  at  Treat  Island  in  August  1977) 

_ Exposure  Rack,  Row  6 

_ 1977- _ Readings _ 


0  Cycles,  1977 


Beam 

No. 

%E 

Pulse 

Velocity 

fps 

%V2 

17257-7 

100 

13,160 

100 

17257-8 

100 

12,930 

100 

17257-9 

100 

13,01*5 

100 

17258-7 

100 

14,020 

100 

17258-8 

100 

14,150 

100 

17258-9 

100 

14,425 

100 

(Revised  Jan  1972) 


Section  17 


Longtime  Study,  Waterways  Experiment  Station* 

This  study  was  initiated  in  FY  1955  in  cooperation  with  the  Portland 
Cement  Association  to  investigate  the  durability  of  concretes  containing 
selected  cements.  Eighteen  beams  (3-l/2  by  4-l/2  by  16  in.)  were  made 
with  each  of  22  cements,  the  cement  factor  being  6.0  bags  per  cu  yd.  The 
aggregates  were  a  manufactured  limestone  sand  and  a  limestone  coarse  ag¬ 
gregate.  Resin  soap  was  used  as  an  air-entraining  admixture  in  the  amount 
necessary  to  give  an  air  content  of  6  +  l/2$. 

In  July  1955 j  half  of  these  beams  (198)  were  installed  on  the  ex¬ 
posure  rack  at  Treat  Island,  and  the  other  half  were  installed  on  the  ex¬ 
posure  rack  at  St.  Augustine  in  August  1955. 

Table  1-LTS  lists  the  specimens  exposed  at  Treat  Island  and  gives 
their  exposure  record  along  with  their  cements. 

Table  2-LTS  lists  the  specimens  exposed  at  St.  Augustine  and  gives 
their  exposure  record  along  with  their  cements . 

Testing  of  specimens  exposed  at  St.  Augustine  exposure  station  was 
discontinued  after  the  1970  inspection. 


*  See  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Cement  Per¬ 
formance  in  Concrete,  by  Bryant  Mather,  Technical  Report  No.  6-787 
(Vicksburg,  Miss.,  September  1967) . 

_ - .  . mml 


(Revised  Aug  1964) 
Table  1-LTS  (Continued) 


Section  IT 


1955-1964  Readings 
382  532  60T" 


Exposure  Rack,  Row  3  (W  to  E) 


“W 


311 


"JW 


"53T 


939 


1074 


Spec- 

Pro- 

Pulse 

Cycles 

1956 

Cycles 

1957 

Cycles 

1958 

Cycles 

1959 

Cycles 

I960 

Cycles 

1961 

Cycles 

1962 

Cyc les 

1963 

Cycles 

1964 

No. 

Type 

gJfom 

JE 

fps 

id 

Js 

id 

Je 

id 

JE 

id 

JE 

id 

JE 

id 

JE 

id 

JE 

id 

JE 

id 

JE 

id 

5741C 

III 

33+ 

100 

15,080 

100 

104 

98 

103 

107 

no 

108 

111 

93 

n2 

101 

106 

100 

no 

113 

111 

101 

111 

103 

5742C 

100 

14,980 

100 

106 

99 

105 

107 

111 

116 

112 

92 

113 

104 

Lost 

5743C 

100 

15,080 

100 

103 

99 

102 

106 

108 

113 

109 

95 

in 

104 

106 

99 

109 

in 

112 

121 

112 

104 

5744c 

I 

14** 

100 

15,645 

100 

119 

96 

118 

105 

126 

108 

125 

90 

125 

103 

116 

94 

120 

105 

122 

117 

121 

105 

5745C 

100 

15,535 

100 

106 

96 

107 

105 

114 

113 

113 

92 

114 

104 

107 

95 

no 

110 

112 

in 

112 

105 

5746c 

100 

15,465 

100 

107 

99 

105 

104 

113 

115 

113 

93 

114 

106 

108 

100 

in 

109 

n4 

116 

113 

112 

5747C 

II 

24** 

100 

15,180 

100 

111 

103 

109 

107 

117 

115 

118 

94 

ns 

106 

112 

106 

n4 

114 

115 

116 

117 

no 

5748c 

100 

15,215 

100 

111 

103 

110 

106 

117 

112 

118 

'  91 

ns 

104 

111 

103 

ns 

113 

118 

113 

117 

103 

5749c 

100 

15,320 

100 

108 

102 

107 

108 

114 

112 

114 

89 

115 

105 

109 

100 

in 

113 

117 

113 

113 

101 

5750C 

I 

19A 

100 

14,680 

100 

114 

106 

113 

112 

120 

120 

120 

96 

121 

108 

115 

105 

120 

117 

122 

121 

121 

U3 

5751C 

100 

14,650 

100 

113 

105 

112 

112 

120 

114 

121 

97 

122 

no 

n7 

105 

ns 

n4 

126 

123 

126 

114 

5752C 

100 

14,715 

100 

113 

108 

113 

116 

121 

120 

122 

102 

123 

112 

117 

109 

122 

113 

123 

n6 

123 

117 

5753C 

I 

18 

100 

15,115 

100 

113 

107 

102 

112 

us 

116 

119 

96 

119 

110 

112 

103 

n4 

us 

n4 

123 

112 

104 

5754C 

100 

15,115 

100 

112 

104 

111 

111 

118 

118 

119 

96 

119 

108 

113 

107 

115 

119 

118 

121 

113 

102 

5755C 

100 

15,045 

100 

110 

107 

109 

109 

116 

117 

n7 

94 

ns 

108 

113 

108 

116 

119 

119 

124 

115 

no 

5756c 

IV 

43* 

100 

14,650 

100 

117 

110 

116 

113 

124 

121 

125 

98 

125 

109 

ns 

112 

121 

ns 

127 

120 

126 

114 

5757C 

100 

14,810 

100 

116 

108 

116 

115 

123 

121 

124 

97 

124 

107 

116 

107 

ns 

118 

121 

120 

120 

111 

5758C 

100 

14,980 

100 

114 

106 

112 

no 

120 

120 

121 

98 

120 

107 

114 

101 

1 16 

116 

117 

119 

115 

109 

5759C 

II 

22tt 

100 

15,465 

100 

111 

105 

110 

107 

117 

120 

117 

94 

119 

106 

113 

100 

117 

119 

120 

109 

120 

no 

5760C 

100 

15,465 

100 

112 

107 

109 

109 

117 

ns 

119 

94 

120 

107 

115 

118 

n8 

116 

119 

105 

119 

109 

5761C 

100 

15,395 

100 

119 

108 

117 

111 

125 

121 

127 

95 

128 

105 

123 

108 

128 

109 

129 

106 

128 

107 

5762C 

IV 

43* 

100 

14,945 

100 

117 

115 

116 

116 

123 

124 

124 

95 

124 

108 

117 

no 

120 

u8 

121 

113 

121 

113 

5763C 

100 

15,150 

100 

117 

111 

115 

111 

123 

121 

122 

97 

122 

107 

114 

108 

113 

117 

n2 

127 

112 

no 

5764c 

100 

15,150 

100 

114 

113 

113 

109 

120 

118 

121 

95 

122 

107 

116 

106 

120 

117 

120 

119 

122 

107 

5765C 

II 

25t 

100 

15,150 

100 

112 

114 

110 

111 

117 

115 

ns 

101 

119 

108 

113 

103 

115 

113 

us 

118 

117 

109 

5766c 

100 

15,395 

100 

112 

110 

111 

108 

120 

119 

121 

94 

122 

106 

lib 

104 

120 

116 

125 

115 

121 

107 

5767C 

100 

15,535 

100 

111 

107 

111 

111 

117 

n4 

118 

89 

118 

103 

114 

100 

115 

113 

117 

n2 

116 

104 

5768C 

II 

23 

100 

15,755 

100 

105 

106 

104 

107 

no 

109 

112 

89 

112 

104 

107 

101 

no 

no 

no 

104 

106 

101 

5769C 

100 

15,795 

100 

107 

103 

105 

109 

112 

108 

113 

85 

114 

101 

108 

100 

n4 

109 

114 

101 

111 

100 

5770C 

100 

15,830 

100 

105 

96 

104 

107 

no 

107 

m 

86 

n2 

101 

108 

100 

in 

110 

no 

106 

no 

98 

5771C 

I 

17 

100 

15,755 

100 

106 

97 

104 

103 

110 

108 

in 

90 

112 

99 

106 

100 

108 

in 

107 

107 

108 

99 

5772C 

100 

15,505 

100 

106 

103 

105 

106 

112 

111 

112 

90 

113 

103 

108 

104 

112 

113 

112 

117 

112 

104 

5773C 

100 

15,395 

100 

104 

103 

102 

109 

108 

117 

108 

89 

107 

104 

101 

103 

105 

101 

106 

117 

101 

103 

577  C 

IV 

43A* 

100 

14,845 

100 

118 

101 

116 

104 

125 

110 

127 

90 

128 

102 

121 

111 

123 

115 

125 

133 

126 

118 

5775C 

100 

14,845 

100 

118 

116 

lie 

116 

124 

122 

125 

100 

126 

114 

119 

114 

123 

127 

125 

133 

124 

120 

5776C 

100 

14,585 

100 

122 

122 

121 

120 

129 

131 

130 

101 

133 

118 

126 

114 

129 

123 

132 

118 

132 

122 

5777C 

I 

16 

100 

15,150 

100 

107 

111 

105 

108 

113 

119 

116 

94 

115 

107 

no 

no 

n4 

103 

n6 

122 

117 

112 

5778C 

100 

15,320 

100 

108 

108 

107 

111 

114 

118 

ns 

91 

116 

106 

109 

103 

113 

104 

115 

128 

115 

104 

5779C 

100 

15,430 

100 

109 

107 

107 

109 

114 

ns 

n6 

91 

117 

106 

ni 

105 

115 

112 

n6 

in 

119 

102 

5780C 

III 

31tt 

100 

14,980 

100 

106 

106 

105 

no 

111 

115 

113 

97 

113 

108 

107 

111 

1 12 

no 

115 

118 

114 

102 

5781C 

100 

14,910 

100 

109 

107 

108 

109 

112 

119 

111 

96 

113 

107 

108 

109 

n4 

112 

119 

108 

117 

106 

5782C 

100 

14,945 

100 

109 

105 

107 

108 

114 

n6 

114 

92 

115 

108 

112 

105 

n8 

106 

123 

ns 

124 

106 

5783C 

III 

33+ 

100 

15,115 

100 

105 

104 

104 

105 

no 

110 

112 

94 

113 

104 

108 

99 

n4 

113 

117 

115 

115 

107 

5784c 

100 

15,115 

100 

105 

102 

104 

104 

109 

111 

113 

91 

113 

103 

108 

102 

n4 

107 

n6 

115 

118 

109 

5785C 

100 

15,355 

100 

104 

102 

103 

103 

no 

109 

111 

92 

112 

102 

107 

97 

113 

104 

n6 

114 

116 

107 

5786c 

I 

12tt 

100 

15,680 

100 

104 

104 

101 

107 

107 

113 

107 

93 

106 

105 

98 

95 

100 

108 

102 

105 

99 

102 

5787C 

100 

15,720 

100 

105 

105 

102 

109 

108 

116 

108 

92 

107 

104 

100 

102 

102 

104 

102 

112 

102 

100 

3788c 

100 

15,755 

100 

107 

103 

105 

no 

111 

117 

112 

86 

111 

103 

104 

99 

106 

107 

108 

109 

106 

106 

5789C 

I 

19B 

100 

15,795 

100 

106 

99 

104 

104 

110 

109 

112 

83 

112 

95 

107 

99 

112 

104 

113 

106 

113 

102 

5790C 

100 

15,355 

100 

105 

106 

104 

108 

110 

113 

111 

90 

no 

102 

105 

101 

109 

115 

in 

109 

111 

109 

5791C 

100 

15,505 

100 

105 

102 

102 

109 

109 

117 

111 

90 

in 

104 

105 

100 

108 

no 

in 

105 

109 

104 

5792C 

I 

19C 

100 

15,570 

100 

107 

101 

105 

106 

in 

113 

112 

92 

114 

98 

107 

101 

ni 

110 

113 

99 

113 

96 

5793C 

100 

15,505 

100 

106 

103 

104 

104 

m 

114 

113 

93 

n2 

96 

106 

101 

no 

96 

112 

95 

114 

95 

5794C 

100 

15,285 

100 

105 

107 

104 

105 

110 

117 

in 

93 

112 

104 

109 

102 

124 

110 

129 

108 

129 

103 

(Continued) 

*  Cements  43  and  43A  made  at  same  plant. 

**  Cements  14,  24,  and  41  made  at  same  plant. 

t  Cements  25  and  33  made  from  same  major  raw  materials, 
ft  Cement 8  12,  22,  and  31  made  at  same  plant. 

(Sheet  2) 


(Revised  Aug  1964) 
Table  1-KTS  (Continued) 


Section  17 


_ Exposure  Rack,  Rov  3  (W  to  E) 

1955-1964  Readings" 

Cement  0  Cycles  1955  IS?  553  382  532  ^03  7 55  533  939  MT®- 

_  - s -  *rv  -i  J — 222—  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles 

gram  v£oc  _ _ i25§ _ i252 _ i2§2 _ _ i2§£ _ 1262 _ i261_ 

No.  Type  No.  JE  fps  flV2  <fc  jV2  jE  ftT  jE  jM2  jE  jV2  *E  flV2  jE  ^  ^V2  jE  ft/2  lE  fo/2 


5795C 

I 

14** 

100 

15,720 

100 

105 

99 

104 

101 

no 

n2 

no 

87 

in 

97 

106 

9T 

122 

107 

124 

102 

123 

101 

5796C 

100 

15,985 

100 

100 

97 

99 

99 

104 

111 

105 

85 

106 

95 

101 

96 

104 

105 

106 

107 

103 

100 

5797C 

100 

15,795 

100 

101 

101 

100 

100 

103 

ni 

103 

88 

104 

88 

100 

101 

103 

106 

106 

101 

101 

103 

5798C 

I 

11 

100 

15,645 

100 

105 

104 

104 

103 

109 

111 

109 

89 

no 

101 

105 

103 

108 

107 

n3 

105 

112 

105 

5799C 

100 

15,720 

100 

108 

104 

104 

105 

112 

113 

114 

87 

n5 

100 

no 

99 

n4 

107 

120 

108 

117 

101 

5800C 

100 

15,720 

100 

106 

103 

104 

104 

ni 

115 

112 

88 

113 

98 

108 

105 

1 12 

105 

n5 

112 

115 

101 

5801C 

II 

21 

100 

15,335 

100 

107 

101 

105 

107 

n3 

115 

n3 

92 

114 

106 

109 

97 

n3 

106 

U6 

112 

115 

106 

5802C 

100 

15,570 

100 

106 

100 

105 

104 

111 

n7 

ni 

95 

m 

97 

106 

103 

108 

108 

no 

107 

110 

101 

5803C 

100 

15,830 

100 

105 

97 

104 

103 

109 

no 

no 

90 

111 

100 

106 

99 

109 

107 

no 

98 

110 

104 

5804c 

V 

51 

100 

15,795 

100 

107 

99 

105 

103 

n2 

115 

113 

92 

113 

101 

107 

97 

109 

103 

109 

112 

110 

100 

5805c 

100 

15,465 

100 

107 

104 

107 

105 

113 

118 

115 

93 

114 

104 

107 

103 

no 

118 

ni 

n5 

111 

98 

5806c 

100 

15,535 

100 

107 

101 

106 

103 

n3 

n5 

n4 

92 

113 

103 

106 

103 

109 

n4 

108 

104 

108 

93 

5807c 

I 

18 

100 

15,680 

100 

102 

101 

101 

101 

107 

111 

107 

91 

106 

101 

id 

101 

102 

116 

103 

107 

101 

91 

5808c 

100 

15,465 

100 

108 

104 

107 

102 

113 

116 

115 

95 

115 

103 

n2 

112 

ns 

115 

119 

n3 

117 

93 

5809c 

100 

15,180 

100 

106 

105 

105 

105 

112 

114 

112 

97 

in 

105 

106 

106 

109 

n8 

113 

n4 

109 

97 

5810C 

II 

24** 

100 

15,465 

100 

105 

101 

103 

99 

109 

107 

108 

89 

107 

99 

101 

99 

106 

106 

107 

109 

107 

93 

58IIC 

100 

15,570 

100 

103 

102 

102 

102 

108 

108 

108 

89 

107 

98 

101 

97 

105 

106 

107 

99 

106 

94 

5812C 

100 

15,570 

100 

108 

101 

106 

104 

113 

108 

114 

89 

113 

96 

107 

99 

no 

108 

115 

no 

113 

102 

5813c 

I 

13 

100 

15,505 

100 

106 

104 

105 

107 

112 

n4 

112 

90 

in 

101 

104 

99 

108 

100 

109 

107 

108 

99 

5814c 

100 

15,795 

100 

105 

100 

103 

101 

109 

109 

108 

87 

105 

96 

97 

91 

98 

109 

99 

101 

96 

98 

5815C 

100 

15,535 

100 

106 

103 

105 

105 

109 

116 

no 

92 

108 

97 

100 

95 

104 

109 

102 

104 

105 

100 

58l6C 

IV 

41** 

100 

15,285 

100 

111 

106 

no 

106 

115 

109 

117 

95 

117 

104 

ni 

98 

ns 

no 

122 

103 

117 

100 

5817C 

100 

15,795 

100 

106 

98 

105 

99 

no 

105 

111 

8  9 

112 

96 

105 

95 

108 

107 

no 

112 

no 

98 

5818C 

100 

15,355 

100 

108 

100 

107 

102 

in 

116 

113 

91 

n3 

101 

108 

103 

in 

109 

in 

112 

in 

105 

5819c 

I 

19A 

100 

14,910 

100 

108 

107 

107 

105 

ni 

122 

n3 

91 

115 

104 

109 

105 

n3 

115 

n7 

113 

117 

104 

5820C 

100 

14,945 

100 

no 

108 

no 

103 

n4 

120 

n8 

97 

n8 

104 

n3 

103 

n8 

106 

121 

103 

121 

111 

5821C 

100 

14,910 

100 

112 

109 

m 

115 

n5 

122 

120 

96 

121 

107 

115 

no 

120 

118 

122 

113 

120 

101 

5822c 

I 

15 

100 

15,795 

100 

102 

100 

101 

101 

103 

n3 

105 

88 

106 

98 

100 

99 

103 

113 

106 

in 

105 

98 

5823c 

100 

15,720 

100 

101 

102 

99 

100 

102 

106 

103 

89 

104 

101 

99 

97 

102 

112 

103 

107 

102 

106 

5824C 

100 

15,680 

100 

103 

103 

102 

101 

105 

112 

107 

91 

109 

98 

103 

92 

105 

in 

106 

105 

105 

99 

5825c 

I 

19C 

100 

15,250 

100 

103 

105 

102 

101 

106 

103 

107 

94 

no 

103 

105 

103 

108 

112 

112 

115 

111 

103 

5826C 

100 

15,320 

100 

104 

104 

103 

102 

106 

m 

108 

93 

no 

100 

105 

101 

109 

116 

in 

no 

112 

107 

5827C 

100 

15,215 

100 

104 

106 

104 

105 

107 

116 

109 

94 

no 

104 

105 

110 

109 

112 

in 

113 

109 

97 

5828c 

I 

11 

100 

16,020 

100 

101 

101 

99 

97 

105 

108 

107 

85 

109 

101 

105 

97 

108 

102 

in 

n7 

110 

102 

5829c 

100 

16,060 

100 

99 

98 

98 

91 

102 

no 

104 

87 

106 

96 

102 

98 

105 

99 

109 

no 

106 

99 

5830C 

100 

15,535 

100 

102 

105 

101 

102 

105 

117 

107 

100 

106 

103 

101 

98 

104 

no 

107 

104 

108 

102 

5831C 

I 

19A 

100 

15,180 

100 

107 

104 

106 

105 

111 

118 

113 

94 

113 

104 

106 

104 

109 

112 

ni 

108 

109 

108 

5832c 

100 

15,250 

100 

106 

103 

105 

109 

no 

118 

n2 

95 

ni 

102 

104 

100 

108 

n7 

no 

108 

108 

105 

5833C 

100 

15,080 

100 

108 

103 

108 

108 

113 

n5 

n6 

97 

118 

102 

n2 

103 

116 

107 

n8 

106 

118 

102 

5834C 

IV 

4  3  A* 

100 

14,845 

100 

n3 

110 

113 

n4 

119 

125 

121 

101 

122 

no 

n4 

109 

n7 

112 

n8 

n4 

116 

119 

5835C 

100 

14,945 

100 

112 

111 

113 

n7 

117 

125 

120 

99 

121 

109 

114 

no 

n8 

115 

119 

120 

119 

118 

5C36C 

100 

15,535 

100 

m 

101 

no 

102 

n7 

n3 

119 

92 

120 

101 

113 

104 

ns 

113 

115 

107 

116 

106 

5837c 

I 

18 

100 

15,610 

100 

108 

99 

106 

100 

n2 

n4 

n6 

90 

115 

98 

108 

100 

m 

104 

in 

nr 

109 

104 

5838c 

100 

15,320 

100 

108 

105 

107 

103 

n2 

117 

114 

95 

n6 

105 

m 

105 

n4 

109 

115 

no 

116 

103 

5839c 

100 

15,570 

100 

106 

101 

107 

100 

no 

115 

112 

92 

112 

99 

105 

115 

107 

107 

106 

104 

106 

95 

5840C 

I 

15 

100 

15,720 

100 

102 

98 

101 

101 

106 

n2 

107 

93 

106 

99 

99 

93 

97 

106 

100 

93 

100 

93 

58410 

100 

15,755 

100 

104 

97 

102 

98 

107 

no 

no 

91 

no 

98 

104 

99 

107 

95 

106 

99 

106 

92 

5842C 

100 

15,645 

100 

102 

98 

102 

101 

105 

108 

107 

98 

107 

100 

99 

91 

101 

102 

100 

98 

97 

92 

5843C 

III 

33t 

100 

15,215 

100 

102 

99 

100 

101 

104 

114 

106 

95 

107 

97 

101 

105 

105 

106 

105 

in 

106 

91 

5844c 

100 

15,395 

100 

103 

98 

101 

99 

106 

113 

108 

90 

109 

97 

105 

97 

106 

103 

111 

104 

109 

88 

5845C 

100 

15,355 

100 

103 

98 

102 

99 

107 

Ilk 

108 

92 

109 

97 

104 

93 

107 

103 

112 

113 

111 

100 

5846C 

IV 

43* 

100 

14,980 

100 

111 

107 

111 

102 

115 

121 

117 

96 

117 

103 

112 

105 

n4 

114 

U7 

118 

115 

111 

5847C 

100 

15,250 

100 

107 

104 

106 

100 

111 

118 

112 

92 

no 

104 

103 

99 

102 

ni 

100 

in 

100 

103 

5848C 

100 

15,610 

100 

105 

98 

104 

97 

108 

113 

109 

89 

107 

97 

100 

105 

105 

107 

99 

in 

101 

99 

(Continued) 


*  Cements  43  and  43A  made  at  same  plant. 

**  Cements  l4,  24,  ar d  4l  made  at  same  plant, 
t  Cements  25  and  33  made  from  same  major  raw  materials. 
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Table  1-LTS  (Continued)  Section  17 


J-men  gram  vexoc  p  - - p  - p  - p  - p  - p  - p  - P  p 

No.  Type  No.  Jte  fps  for  flE  for  flE  for  fo:  for  fa  for  for  <f£  far  flE  for 


5849c 

I 

16 

100 

15,985 

100 

100 

92 

100 

92 

103 

117 

104 

89 

107 

103 

103 

95 

106 

109 

106 

99 

107 

100 

5850c 

100 

15,680 

100 

105 

97 

105 

99 

109 

116 

113 

90 

114 

101 

109 

102 

in 

107 

n6 

no 

116 

102 

5851C 

100 

15,830 

100 

105 

96 

105 

93 

109 

117 

no 

90 

in 

98 

107 

96 

no 

in 

in 

117 

109 

100 

5852c 

I 

13 

100 

15,505 

100 

106 

99 

106 

105 

110 

122 

112 

93 

m 

102 

105 

99 

no 

114 

no 

no 

110 

102 

58530 

100 

15,795 

100 

105 

97 

104 

102 

108 

115 

in 

90 

no 

96 

104 

100 

109 

106 

108 

in 

108 

99 

5854c 

100 

15,535 

100 

107 

97 

107 

106 

111 

119 

113 

93 

113 

101 

107 

93 

no 

103 

in 

112 

106 

108 

5855C 

III 

31tt 

100 

15,045 

100 

105 

105 

103 

105 

105 

122 

108 

94 

109 

104 

104 

98 

107 

107 

107 

114 

106 

108 

5856c 

J.00 

15,115 

100 

103 

99 

101 

92 

105 

93 

104 

92 

103 

101 

98 

96 

97 

96 

100 

no 

99 

102 

5857C 

100 

14,910 

100 

103 

105 

101 

104 

104 

118 

107 

96 

108 

103 

102 

105 

105 

106 

108 

n3 

107 

105 

5858c 

II 

24*» 

100 

15,285 

100 

106 

100 

106 

101 

no 

118 

no 

90 

112 

101 

108 

102 

no 

107 

n3 

no 

113 

104 

5859c 

100 

15,320 

100 

106 

98 

106 

99 

110 

114 

no 

90 

111 

96 

106 

100 

n3 

105 

n3 

105 

111 

107 

5860c 

100 

15,570 

100 

102 

97 

100 

98 

103 

114 

102 

89 

100 

92 

94 

96 

96 

104 

94 

109 

91 

103 

5861c 

I 

14** 

100 

15,320 

100 

105 

102 

103 

100 

108 

118 

109 

92 

108 

96 

101 

94 

105 

105 

105 

110 

104 

99 

5862c 

100 

15,795 

100 

104 

98 

103 

96 

108 

no 

109 

85 

108 

92 

104 

92 

108 

99 

in 

101 

108 

100 

5863c 

100 

15,465 

100 

105 

100 

105 

102 

110 

116 

ni 

90 

m 

99 

106 

93 

109 

108 

110 

no 

no 

105 

5864c 

II 

23 

100 

15,610 

100 

104 

98 

103 

100 

107 

115 

109 

89 

109 

99 

104 

98 

107 

101 

109 

107 

107 

103 

5865c 

100 

15,645 

100 

102 

98 

102 

101 

106 

113 

107 

87 

105 

99 

98 

96 

101 

103 

100 

n3 

100 

95 

5866c 

100 

15,905 

100 

101 

91 

100 

98 

105 

115 

107 

88 

105 

102 

98 

96 

101 

101 

102 

109 

100 

93 

5867c 

II 

21 

100 

15,180 

100 

105 

105 

105 

105 

no 

117 

112 

94 

ni 

106 

107 

104 

109 

107 

109 

115 

109 

109 

5868C 

100 

15,250 

100 

107 

101 

107 

103 

112 

120 

114 

92 

113 

103 

107 

104 

in 

107 

n2 

n5 

109 

108 

5869c 

100 

15,180 

100 

107 

104 

106 

101 

U2 

120 

114 

94 

115 

106 

no 

106 

U3 

109 

ns 

n5 

113 

108 

5870C 

I 

19B 

100 

15,320 

100 

105 

102 

104 

99 

108 

118 

no 

94 

no 

103 

106 

105 

in 

109 

112 

n8 

no 

102 

5871C 

100 

15,795 

100 

105 

98 

104 

95 

107 

no 

109 

86 

112 

95 

108 

93 

112 

101 

n3 

in 

in 

95 

5872c 

100 

15,795 

100 

102 

101 

101 

96 

104 

109 

105 

86 

104 

93 

99 

92 

102 

99 

103 

105 

101 

94 

5873C 

I 

12tt 

100 

15,870 

100 

100 

96 

98 

97 

100 

117 

100 

88 

98 

96 

92 

96 

94 

98 

92 

100 

92 

91 

5874C 

100 

15,830 

100 

101 

98 

100 

99 

104 

117 

105 

90 

105 

98 

100 

.92 

103 

in 

104 

105 

100 

101 

5875C 

100 

15,505 

100 

105 

101 

104 

104 

108 

121 

no 

91 

in 

99 

106 

100 

no 

no 

n3 

no 

112 

107 

5876C 

V 

51 

100 

15,285 

100 

106 

104 

106 

107 

113 

123 

115 

94 

115 

102 

108 

106 

in 

115 

no 

119 

109 

no 

5877C 

100 

15,320 

100 

106 

102 

105 

105 

111 

121 

112 

94 

111 

103 

103 

100 

106 

113 

106 

119 

103 

104 

5878C 

100 

15,180 

100 

111 

100 

112 

108 

117 

124 

119 

97 

121 

108 

115 

105 

118 

116 

U7 

n8 

118 

111 

5879C 

IV 

4l** 

100 

15,215 

100 

109 

100 

109 

104 

115 

123 

115 

94 

116 

107 

no 

100 

n4 

no 

115 

116 

114 

100 

5880C 

100 

15,010 

100 

110 

102 

110 

107 

114 

123 

115 

94 

116 

104 

109 

99 

ns. 

113 

n3 

114 

114 

110 

588IC 

100 

15,355 

100 

107 

101 

106 

101 

111 

U7 

ni 

88 

112 

99 

107 

101 

109 

98 

108 

in 

106 

100 

5882c 

I 

17 

100 

15,795 

100 

104 

94 

104 

96 

108 

n3 

no 

90 

111 

96 

104 

99 

108 

106 

106 

106 

103 

103 

5883C 

100 

15,535 

100 

106 

98 

104 

101 

no 

122 

112 

93 

112 

100 

107 

99 

109 

103 

110 

107 

no 

101 

5884C 

100 

15,570 

100 

103 

98 

102 

99 

106 

117 

109 

99 

110 

101 

105 

97 

109 

107 

no 

112 

107 

99 

5885c 

II 

25t 

100 

15,395 

100 

106 

101 

104 

102 

112 

119 

114 

96 

114 

96 

108 

103 

no 

107 

112 

111 

112 

107 

5886C 

100 

15,355 

100 

108 

105 

107 

105 

112 

122 

113 

97 

114 

105 

108 

101 

112 

109 

n3 

11& 

113 

no 

5887c 

100 

15,250 

100 

109 

105 

111 

105 

114 

121 

116 

103 

117 

104 

114 

107 

118 

106 

119 

119 

121 

108 

5888c 

II 

22tt 

100 

15,795 

100 

U1 

98 

111 

99 

115 

115 

117 

89 

118 

99 

114 

99 

n9 

109 

n8 

in 

118 

102 

5889c 

100 

15,355 

100 

106 

105 

105 

104 

109 

103 

in 

87 

111 

90 

106 

103 

108 

n3 

no 

up 

108 

109 

589OC 

100 

15,505 

100 

107 

105 

105 

102 

n2 

113 

114 

93 

114 

103 

no 

102 

116 

105 

124 

114 

126 

107 

(Continued) 


**  Cements  14,  24,  and  41  made  at  same  plant. 

t  Cements  25  and  33  made  from  same  major  raw  materials, 
tt  Cements  12,  22,  and  31  made  at  same  plant. 
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Table  1-LTS  (Continued) 

(installed  at  Treat  Island  in  July  1955) 


JLZjY  J-doy  Lydi 

— — —  Cycles  Cycles  Cycles 

*ro"  lfife  l  a£,£. 


imen 

No. 

Type 

gram 

No. 

<E  &V2 

lE 

2 

P 

is  iv2 

is  iv2 

is 

k 

it 

fe  iv2 

Is. 

12 

%E 

-2 _ 

Iv2 

%E 

*v2 

5693c 

IV 

43A* 

121 

127 

122 

131 

120 

125 

119 

433 

116 

122 

116 

113 

114 

# 

109 

♦ 

no 

* 

109 

* 

5694c 

ns 

125 

120 

129 

115 

123 

120 

436 

115 

123 

119 

112 

119 

t 

115 

* 

123 

* 

115 

* 

5695C 

114 

121 

115 

129 

113 

121 

111 

128 

107 

109 

105 

99 

97 

♦ 

95 

* 

95 

♦ 

99 

* 

5696C 

II 

21 

108 

100 

106 

120 

106 

113 

104 

118 

102 

106 

104 

99 

100 

♦ 

98 

* 

96 

♦ 

94 

* 

5697C 

111 

121 

112 

109 

111 

118 

111 

121 

109 

106 

111 

97 

109 

♦ 

108 

♦ 

108 

* 

111 

* 

5698c 

112 

122 

109 

124 

107 

120 

111 

128 

109 

115 

108 

105 

108 

* 

101 

* 

101 

* 

100 

* 

5699C 

IV 

41** 

116 

119 

113 

126 

112 

114 

413 

425 

111 

107 

112 

95 

114 

* 

107 

♦ 

107 

♦ 

108 

* 

5700C 

116 

119 

114 

110 

114 

112 

115 

415 

114 

107 

115 

98 

115 

* 

113 

* 

no 

♦ 

no 

* 

5701C 

111 

113 

111 

110 

109 

108 

111 

117 

107 

105 

107 

96 

107 

♦ 

105 

t 

104 

# 

103 

* 

5702C 

I 

16 

104 

108 

106 

103 

103 

100 

101 

no 

101 

94 

99 

88 

99 

t 

103 

* 

96 

♦ 

93 

* 

5703C 

103 

112 

102 

111 

102 

102 

101 

111 

99 

94 

98 

84 

98 

* 

101 

* 

95 

* 

91 

* 

5704c 

103 

105 

102 

109 

100 

104 

102 

111 

100 

94 

102 

82 

* 

* 

108 

* 

111 

* 

112 

* 

5705C 

V 

51 

104 

115 

104 

109 

102 

112 

100 

123 

98 

102 

101 

91 

94 

* 

89 

t 

84 

♦ 

89 

* 

5706C 

99 

122 

101 

415 

99 

111 

95 

121 

94 

102 

91 

93 

83 

* 

80 

* 

83 

* 

90 

* 

5707C 

100 

118 

98 

114 

96 

107 

93 

117 

91 

101 

91 

90 

83 

♦ 

80 

♦ 

75 

* 

73 

* 

5708C 

I 

13 

96 

127 

97 

100 

96 

no 

94 

116 

94 

98 

97 

88 

95 

♦ 

93 

t 

92 

♦ 

94 

* 

5709C 

107 

120 

103 

122 

102 

111 

101 

118 

99 

100 

102 

92 

100 

* 

96 

t 

98 

♦ 

97 

* 

5710C 

109 

117 

109 

122 

106 

108 

107 

116 

105 

105 

104 

92 

103 

* 

101 

t 

102 

♦ 

112 

♦ 

5711C 

I 

11 

113 

115 

113 

121 

113 

409 

114 

111 

112 

107 

112 

91 

in 

* 

no 

* 

127 

* 

126 

♦ 

5712C 

112 

116 

112 

109 

112 

108 

113 

109 

111 

104 

114 

95 

♦ 

* 

127 

* 

130 

* 

125 

* 

5713C 

114 

111 

114 

110 

413 

105 

m 

110 

no 

100 

114 

90 

* 

* 

128 

* 

133 

♦ 

131 

♦ 

5714C 

II 

23 

119 

122 

119 

121 

44? 

115 

121 

121 

119 

102 

122 

94 

130 

* 

128 

♦ 

130 

* 

135 

* 

5715C 

112 

NR 

114 

114 

114 

109 

116 

119 

116 

103 

120 

94 

125 

i 

124 

* 

129 

* 

127 

♦ 

5716C 

115 

115 

115 

106 

415 

108 

118 

112 

116 

96 

119 

90 

127 

* 

125 

* 

130 

♦ 

129 

♦ 

5717C 

II 

25t 

124 

115 

124 

113 

124 

115 

126 

122 

126 

106 

131 

96 

133 

♦ 

132 

* 

137 

* 

135 

♦ 

5718c 

120 

128 

122 

109 

122 

116 

122 

120 

120 

109 

127 

99 

132 

* 

128 

* 

130 

* 

128 

* 

5719C 

119 

125 

119 

104 

120 

111 

120 

112 

120 

107 

126 

95 

129 

* 

128 

* 

128 

* 

125 

♦ 

5720C 

I 

19B 

113 

115 

114 

103 

115 

103 

117 

104 

116 

92 

123 

81 

123 

* 

123 

* 

127 

* 

125 

* 

5721C 

114 

114 

114 

102 

114 

111 

116 

116 

118 

102 

123 

93 

125 

* 

123 

* 

125 

* 

125 

♦ 

5722C 

117 

114 

116 

111 

115 

112 

118 

116 

118 

103 

123 

92 

128 

♦ 

126 

* 

128 

* 

127 

♦ 

5723C 

I 

19c 

ns 

11? 

121 

106 

120 

109 

120 

114 

120 

99 

125 

90 

125 

* 

130 

♦ 

135 

* 

136 

♦ 

5724c 

114 

116 

114 

109 

115 

116 

115 

118 

114 

99 

114 

95 

124 

i 

122 

* 

138 

♦ 

139 

♦ 

5725C 

116 

122 

116 

110 

117 

118 

117 

115 

115 

103 

119 

89 

119 

* 

127 

♦ 

130 

* 

130 

♦ 

5726c 

I 

12tt 

119 

122 

119 

116 

120 

U6 

119 

107 

119 

96 

124 

87 

131 

i 

129 

* 

130 

* 

131 

♦ 

5727C 

119 

120 

121 

113 

121 

413 

120 

105 

120 

98 

123 

89 

130 

* 

129 

* 

131 

♦ 

129 

♦ 

5728c 

116 

ns 

117 

111 

117 

115 

118 

106 

118 

96 

122 

90 

127 

t 

126 

* 

133 

♦ 

133 

♦ 

5729C 

I 

17 

115 

118 

115 

110 

114 

113 

114 

111 

112 

102 

116 

96 

124 

♦ 

122 

* 

129 

♦ 

128 

♦ 

5730C 

108 

125 

109 

117 

109 

115 

109 

112 

108 

95 

112 

89 

118 

* 

116 

♦ 

123 

* 

128 

* 

5731C 

109 

121 

110 

115 

110 

117 

109 

113 

no 

102 

116 

96 

114 

* 

114 

* 

116 

♦ 

115 

♦ 

5732C 

III 

31tt 

113 

126 

115 

117 

114 

114 

117 

109 

117 

♦ 

124 

♦ 

133 

♦ 

132 

♦ 

144 

♦ 

144 

♦ 

5733C 

113 

127 

114 

107 

112 

143 

117 

108 

117 

* 

122 

* 

140 

♦ 

146 

♦ 

159 

♦ 

154 

♦ 

5734c 

113 

us 

118 

92 

ns 

113 

121 

113 

123 

* 

130 

* 

138 

* 

143 

* 

156 

♦ 

156 

♦ 

5735C 

I 

15 

106 

116 

110 

106 

111 

no 

111 

102 

112 

* 

116 

♦ 

124 

♦ 

126 

* 

126 

♦ 

131 

♦ 

5736C 

100 

ns 

100 

107 

99 

no 

101 

112 

100 

* 

102 

♦ 

108 

♦ 

105 

* 

no 

♦ 

102 

♦ 

5737C 

102 

115 

101 

99 

101 

112 

403 

108 

103 

♦ 

105 

♦ 

108 

* 

102 

* 

110 

♦ 

109 

$ 

5738C 

II 

22tt 

118 

120 

117 

122 

117 

n6 

419 

n6 

117 

* 

124 

♦ 

132 

* 

125 

* 

128 

♦ 

116 

♦ 

5739C 

121 

128 

123 

110 

122 

124 

124 

122 

126 

♦ 

133 

♦ 

133 

♦ 

136 

* 

136 

♦ 

132 

I 

5740C 

124 

122 

126 

105 

125 

118 

127 

124 

123 

* 

135 

* 

138 

♦ 

134 

♦ 

129 

♦ 

136 

♦ 
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*  Cements  43  and  43A  made  at  same  plant. 

**  Cements  14,  24,  and  4l  made  at  same  plant, 

t  Cements  p5  and  33  made  from  same  major  raw  materials, 

tt  Cements  12,  22,  and  31  made  at  3ame  plant. 

NP  Reading  was  not  taken  due  to  oversight. 

*  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 


(8h  et  5) 


(Revised  May  1976) 

Table  1-LTS  (Continued) 

(installed  At  Treat  Island  in  July  1955) 


Section  17 


Cement 

Spec-  Pro- 

imen  gram 

No .  Type  No. 


1965-1974  Readings 

Cycles 

1965 

1367 

Cycles 

1966 

1523 

Cycles 

1967 

1708  1.862 

Cycles  Cycles 

1968  1969 

2015 

Cycles 

1970 

2184 

Cycles 

1971 

2341 

Cycles 

1972 

2181 

Cycles 

1973 

2617 

Cycles 

1971 

jte  gvf 

fe  tv2  ^v2 

jE  jV2 

fe  iw2 

fe  iv2 

%E  fV2 

57**1C 

III 

33+ 

109 

126 

m 

101 

111 

120 

114 

109 

114 

* 

120 

♦ 

* 

* 

141 

* 

146 

* 

147 

♦ 

574  3C 

112 

106 

115 

106 

115 

117 

lib 

116 

118 

* 

122 

♦ 

123 

* 

118 

* 

139 

# 

139 

♦ 

5711C 

I 

14** 

116 

109 

120 

103 

118 

108 

118 

109 

119 

* 

124 

* 

124 

* 

119 

♦ 

119 

♦ 

114 

* 

5745C 

no 

117 

113 

107 

113 

109 

113 

115 

115 

* 

120 

♦ 

120 

* 

115 

* 

117 

* 

117 

* 

5746C 

113 

119 

113 

120 

114 

n4 

114 

122 

115 

* 

122 

* 

122 

* 

113 

* 

115 

* 

Gone 

5747C 

II 

24** 

us 

119 

116 

112 

116 

114 

116 

122 

115 

* 

122 

* 

122 

t 

117 

* 

122 

* 

122 

♦ 

5748c 

us 

118 

118 

120 

117 

112 

117 

122 

117 

* 

124 

* 

126 

* 

118 

* 

123 

* 

117 

♦ 

5749C 

114 

113 

115 

124 

n6 

116 

114 

124 

116 

* 

123 

* 

121 

t 

108 

* 

121 

♦ 

119 

♦ 

5750C 

I 

19A 

121 

125 

122 

132 

121 

121 

120 

104 

120 

* 

126 

* 

129 

* 

131 

* 

128 

* 

129 

♦ 

5751C 

126 

121 

128 

136 

128 

118 

129 

112 

131 

t 

138 

♦ 

140 

* 

133 

* 

126 

♦ 

127 

* 

5752C 

123 

123 

127 

128 

127 

122 

127 

116 

127 

* 

132 

♦ 

136 

* 

137 

♦ 

133 

* 

131 

♦ 

5753C 

I 

18 

no 

120 

no 

no 

112 

99 

112 

100 

114 

* 

121 

t 

123 

* 

118 

♦ 

97 

* 

102 

♦ 

5754C 

m 

127 

114 

116 

115 

111 

113 

103 

115 

* 

122 

* 

121 

* 

115 

* 

113 

* 

113 

♦ 

5755C 

114 

118 

112 

123 

112 

112 

114 

108 

112 

* 

119 

* 

126 

t 

118 

t 

131 

* 

130 

♦ 

5756C 

IV 

43* 

124 

130 

124 

129 

124 

120 

124 

117 

126 

* 

131 

♦ 

132 

* 

131 

* 

136 

* 

133 

* 

5757C 

120 

125 

122 

127 

122 

116 

120 

117 

122 

t 

127 

♦ 

129 

* 

125 

* 

125 

* 

123 

♦ 

5758C 

117 

121 

118 

124 

117 

118 

118 

ni 

117 

* 

124 

♦ 

128 

♦ 

123 

♦ 

128 

♦ 

126 

♦ 

5759C 

II 

22tt 

119 

113 

119 

125 

119 

111 

118 

113 

117 

* 

124 

♦ 

130 

♦ 

123 

♦ 

114 

* 

no 

♦ 

5760C 

119 

121 

118 

125 

117 

112 

117 

113 

117 

♦ 

124 

* 

125 

♦ 

124 

* 

126 

* 

131 

♦ 

5761C 

129 

123 

133 

109 

132 

112 

132 

114 

133 

* 

138 

* 

142 

* 

139 

t 

139 

♦ 

134 

* 

5762C 

IV 

43* 

121 

125 

123 

131 

123 

no 

122 

117 

123 

* 

130 

♦ 

130 

♦ 

ns 

t 

130 

♦ 

ns 

♦ 

5763C 

no 

122 

113 

no 

114 

ns 

111 

111 

113 

♦ 

120 

* 

120 

* 

119 

* 

120 

♦ 

132 

♦ 

5764c 

122 

121 

123 

121 

123 

115 

123 

112 

124 

♦ 

131 

♦ 

137 

* 

130 

# 

130 

* 

124 

* 

5765C 

II 

25t 

ns 

124 

118 

121 

118 

115 

118 

112 

ns 

* 

127 

♦ 

129 

t 

127 

* 

129 

♦ 

128 

♦ 

5766c 

122 

112 

123 

106 

123 

113 

123 

112 

124 

♦ 

131 

♦ 

131 

i 

129 

* 

129 

♦ 

124 

* 

5767C 

117 

115 

118 

ns 

119 

114 

118 

no 

117 

* 

123 

♦ 

125 

* 

123 

♦ 

123 

♦ 

122 

* 

5768c 

II 

23 

110 

118 

no 

106 

111 

in 

109 

109 

108 

♦ 

114 

* 

120 

* 

116 

* 

118 

* 

116 

♦ 

5769C 

111 

116 

111 

114 

n2 

111 

111 

107 

112 

* 

116 

* 

122 

i 

116 

* 

119 

* 

116 

♦ 

5770C 

111 

116 

113 

108 

113 

111 

U5 

105 

117 

♦ 

124 

* 

126 

* 

126 

# 

131 

* 

134 

* 

5771C 

I 

17 

106 

122 

105 

106 

106 

113 

106 

100 

107 

* 

109 

♦ 

109 

* 

107 

* 

120 

* 

111 

* 

5772C 

109 

116 

111 

116 

112 

no 

111 

104 

112 

♦ 

116 

♦ 

115 

t 

111 

♦ 

128 

126 

♦ 

5773C 

104 

120 

105 

109 

106 

109 

102 

106 

104 

* 

100 

♦ 

104 

* 

104 

* 

106 

♦ 

108 

♦ 

5774C 

IV 

43A* 

127 

126 

127 

107 

127 

n7 

126 

123 

127 

* 

n4 

* 

135 

* 

129 

♦ 

129 

♦ 

130 

* 

5775C 

122 

118 

122 

117 

122 

120 

122 

114 

123 

* 

128 

* 

125 

* 

136 

t 

136 

♦ 

133 

* 

5776C 

135 

135 

132 

118 

131 

127 

135 

131 

135 

♦ 

143 

♦ 

145 

* 

144 

t 

145 

♦ 

142 

* 

5777C 

I 

16 

119 

126 

117 

107 

117 

102 

117 

102 

119 

* 

126 

♦ 

126 

* 

123 

t 

124 

* 

122 

* 

5778C 

no 

124 

113 

113 

114 

113 

U4 

113 

115 

♦ 

119 

* 

122 

t 

118 

t 

124 

* 

117 

* 

5779C 

117 

NR 

117 

114 

U6 

112 

117 

111 

115 

♦ 

117 

* 

125 

* 

126 

t 

125 

♦ 

130 

♦ 

5780C 

III 

31++ 

108 

128 

110 

98 

no 

* 

114 

* 

115 

* 

ns 

♦ 

124 

t 

123 

* 

137 

* 

136 

♦ 

5781C 

118 

126 

119 

94 

119 

♦ 

124 

♦ 

124 

i 

129 

♦ 

14 1 

t 

140 

♦ 

152 

♦ 

163 

* 

5782C 

122 

122 

128 

100 

127 

♦ 

128 

♦ 

127 

* 

135 

♦ 

145 

t 

134 

* 

155 

♦ 

160 

♦ 

5783C 

III 

33t 

us 

120 

118 

96 

118 

t 

119 

* 

120 

♦ 

125 

* 

137 

♦ 

133 

♦ 

151 

♦ 

154 

♦ 

5784c 

119 

113 

119 

103 

119 

108 

121 

106 

123 

* 

130 

♦ 

142 

♦ 

141 

* 

155 

♦ 

155 

♦ 

5785C 

116 

113 

115 

97 

117 

104 

119 

103 

119 

* 

126 

t 

137 

* 

138 

» 

150 

♦ 

156 

♦ 

5786c 

I 

12tt 

99 

113 

99 

95 

100 

105 

97 

102 

99 

♦ 

103 

* 

100 

t 

95 

t 

97 

* 

95 

t 

5787C 

101 

105 

103 

100 

104 

100 

101 

97 

99 

$ 

103 

* 

109 

t 

111 

t 

107 

* 

109 

♦ 

5788c 

105 

116 

106 

99 

107 

104 

104 

102 

106 

♦ 

no 

♦ 

112 

* 

no 

* 

114 

♦ 

116 

♦ 

5789C 

I 

19B 

113 

112 

113 

92 

113 

101 

112 

101 

111 

t 

us 

t 

121 

♦ 

112 

* 

123 

♦ 

128 

♦ 

5790C 

111 

119 

no 

107 

no 

108 

109 

107 

no 

♦ 

116 

♦ 

lie 

* 

126 

* 

126 

♦ 

130 

♦ 

5791C 

m 

108 

110 

105 

no 

105 

no 

105 

in 

♦ 

us 

# 

116 

t 

115 

« 

140 

♦ 

118 

♦ 

5792C 

I 

19C 

111 

106 

111 

85 

113 

95 

114 

97 

115 

t 

u? 

* 

126 

• 

120 

♦ 

129 

♦ 

130 

♦ 

5793C 

113 

115 

115 

89 

114 

100 

117 

98 

117 

♦ 

124 

♦ 

134 

* 

133 

♦ 

123 

♦ 

125 

♦ 

5794c 

131 

116 

132 

90 

131 

105 

133 

103 

((^ntinued) 

138 

$ 

148 

< 

148 

$ 

124 

♦ 

128 

♦ 

*  Cements  43  and  U3A  made  at  same  plant. 

*■*  Cements  14,  24,  and  41  made  at  same  plant. 

t  Cements  25  and  33  made  from  same  major  raw  materials, 
ft  Cements  12,  22,  and  31  made  at  same  plant. 

NR  No  reading  taken  due  to  oversight.  (Sheet  6) 

♦  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 


(Revised  May  1976) 

Table  1-LTS  (Continued) 

(installed  at  Treat  Island  in  July  1955) 


Section  17 


1965-1971*  Readings' 


Spec- 

Cement 

1237 

Cycles 

1965 

1367 

Cycles 

1966 

1523 

Cycles 

1967 

1700 

Cycles 

1968 

1562 

Cycles 

1969 

2015 

Cycles 

1970 

2184 

Cycles 

1971 

2341 

Cycles 

1972 

2481 

Cycles 

1973 

2617 

Cycles 

1974 

Pro- 

No. 

2021 

£No. 

JE 

_JE 

.is 

s? 

JE 

fid 

SL 

%E 

fid 

%E 

2d 

5795c 

I 

14** 

124 

101 

125 

102 

126 

97 

127 

97 

128 

* 

133 

♦ 

133 

* 

135 

* 

135 

* 

135 

* 

5796c 

104 

104 

105 

96 

107 

95 

106 

94 

105 

* 

109 

♦ 

113 

* 

ni 

♦ 

113 

* 

111 

♦ 

5797c 

104 

109 

104 

103 

105 

101 

103 

99 

103 

* 

109 

♦ 

111 

t 

112 

* 

111 

* 

107 

* 

5798c 

I 

11 

112 

123 

112 

96 

113 

105 

113 

104 

114 

* 

118 

♦ 

126 

* 

126 

* 

126 

* 

125 

♦ 

5799c 

120 

115 

120 

104 

120 

102 

121 

102 

120 

* 

122 

♦ 

130 

t 

130 

* 

139 

* 

138 

♦ 

5800c 

117 

116 

119 

104 

120 

101 

122 

101 

121 

* 

125 

♦ 

135 

* 

135 

* 

140 

* 

141 

* 

5801c 

II 

21 

116 

123 

116 

109 

116 

106 

114 

104 

116 

* 

120 

* 

121 

* 

121 

* 

124 

♦ 

124 

* 

5802c 

110 

104 

no 

101 

109 

87 

109 

95 

no 

* 

no 

♦ 

n4 

* 

113 

* 

114 

* 

111 

* 

5803c 

110 

118 

110 

94 

no 

98 

108 

96 

108 

* 

112 

* 

113 

* 

110 

* 

114 

♦ 

115 

* 

5804c 

V 

51 

110 

103 

no 

99 

111 

99 

no 

96 

108 

* 

112 

* 

113 

t 

114 

* 

112 

♦ 

115 

* 

5805c 

113 

121 

111 

98 

110 

99 

111 

100 

111 

* 

ns 

* 

119 

* 

120 

* 

113 

* 

115 

♦ 

5806c 

107 

121 

109 

95 

108 

103 

106 

102 

107 

* 

107 

♦ 

103 

* 

105 

* 

101 

♦ 

98 

* 

5807c 

I 

18 

101 

114 

101 

93 

103 

95 

102 

93 

104 

* 

108 

♦ 

108 

* 

111 

* 

112 

* 

111 

♦ 

5808c 

117 

117 

119 

108 

us 

* 

121 

♦ 

122 

♦ 

129 

♦ 

139 

* 

14 1 

* 

143 

* 

142 

♦ 

5809c 

110 

114 

107 

95 

108 

* 

109 

* 

111 

* 

115 

♦ 

117 

* 

121 

* 

121 

♦ 

120 

* 

5810c 

II 

24** 

106 

117 

106 

92 

106 

94 

103 

94 

105 

* 

109 

♦ 

107 

* 

104 

♦ 

99 

* 

100 

* 

5811C 

105 

107 

105 

90 

107 

92 

103 

92 

102 

* 

102 

♦ 

109 

* 

104 

* 

96 

♦ 

94 

* 

5812c 

115 

111 

113 

95 

113 

106 

114 

104 

115 

* 

117 

♦ 

121 

* 

118 

* 

118 

♦ 

124 

* 

5813C 

I 

13 

107 

112 

108 

97 

109 

109 

107 

107 

109 

* 

113 

♦ 

112 

* 

105 

* 

122 

♦ 

123 

♦ 

5814c 

99 

126 

98 

90 

106 

100 

100 

99 

102 

* 

100 

# 

89 

* 

94 

* 

85 

♦ 

93 

♦ 

5815C 

101 

105 

101 

93 

102 

102 

100 

100 

101 

* 

102 

* 

97 

* 

93 

♦ 

101 

♦ 

120 

* 

5816c 

IV 

41** 

120 

110 

120 

116 

120 

105 

120 

103 

118 

* 

123 

♦ 

129 

* 

124 

♦ 

122 

* 

120 

* 

5817C 

109 

109 

109 

119 

no 

101 

108 

100 

109 

* 

113 

♦ 

n4 

* 

111 

* 

109 

* 

114 

♦ 

5818c 

112 

116 

111 

93 

112 

107 

111 

105 

113 

* 

113 

♦ 

115 

* 

109 

* 

1 22 

♦ 

119 

* 

5819c 

I 

19A 

115 

124 

113 

113 

113 

113 

115 

111 

113 

* 

115 

♦ 

121 

* 

120 

* 

120 

* 

119 

* 

5820C 

121 

118 

120 

116 

120 

105 

125 

100 

127 

* 

132 

♦ 

132 

* 

131 

* 

135 

♦ 

135 

* 

5821C 

122 

121 

117 

103 

us 

106 

121 

101 

123 

* 

128 

♦ 

132 

* 

130 

* 

132 

* 

130 

♦ 

5822C 

I 

15 

105 

115 

104 

101 

106 

* 

no 

* 

112 

* 

114 

* 

118 

* 

117 

♦ 

115 

* 

116 

* 

5823C 

102 

116 

102 

102 

101 

* 

103 

♦ 

104 

* 

106 

♦ 

116 

* 

115 

* 

116 

* 

119 

♦ 

5824c 

105 

117 

107 

100 

107 

* 

107 

* 

109 

* 

111 

♦ 

117 

* 

114 

* 

130 

* 

130 

* 

5825C 

I 

19C 

110 

116 

112 

108 

113 

* 

113 

♦ 

113 

* 

113 

♦ 

123 

* 

123 

* 

124 

♦ 

125 

♦ 

5826c 

112 

no 

113 

102 

113 

* 

112 

* 

112 

* 

114 

♦ 

124 

* 

124 

* 

129 

* 

124 

♦ 

5827C 

112 

115 

112 

97 

112 

* 

111 

* 

113 

* 

113 

* 

119 

* 

119 

* 

140 

* 

138 

♦ 

5828c 

I 

11 

110 

n2 

108 

96 

109 

* 

112 

♦ 

111 

* 

116 

* 

120 

* 

115 

* 

112 

* 

114 

♦ 

5829c 

107 

106 

105 

87 

105 

* 

107 

* 

107 

* 

111 

♦ 

121 

* 

119 

* 

130 

* 

130 

♦ 

5830C 

107 

115 

105 

95 

106 

* 

106 

♦ 

107 

♦ 

111 

♦ 

118 

* 

117 

* 

123 

♦ 

ns 

♦ 

583IC 

I 

19A 

109 

120 

no 

89 

112 

♦ 

109 

* 

111 

* 

115 

♦ 

113 

* 

108 

* 

113 

* 

115 

♦ 

5832c 

106 

118 

108 

92 

108 

* 

107 

♦ 

109 

♦ 

109 

♦ 

129 

* 

122 

* 

128 

♦ 

127 

♦ 

5833C 

118 

123 

ns 

90 

119 

* 

U9 

* 

120 

* 

125 

♦ 

115 

* 

109 

* 

114 

* 

116 

* 

5834C 

IV 

43A* 

117 

127 

115 

114 

114 

* 

115 

* 

116 

# 

116 

♦ 

120 

♦ 

112 

* 

115 

♦ 

117 

♦ 

5835C 

119 

125 

122 

105 

124 

* 

118 

* 

120 

♦ 

120 

♦ 

124 

* 

124 

♦ 

124 

* 

122 

» 

5836C 

118 

100 

117 

102 

118 

* 

108 

* 

106 

♦ 

108 

♦ 

n4 

♦ 

112 

# 

no 

t 

114 

♦ 

5837C 

I 

18 

108 

108 

111 

84 

no 

♦ 

108 

♦ 

109 

♦ 

111 

♦ 

119 

♦ 

115 

* 

122 

♦ 

124 

1 

5838c 

114 

112 

114 

100 

115 

* 

118 

* 

120 

♦ 

122 

♦ 

137 

* 

135 

♦ 

150 

♦ 

153 

♦ 

5839C 

107 

116 

111 

99 

112 

♦ 

106 

♦ 

107 

* 

105 

* 

109 

* 

105 

* 

111 

♦ 

111 

♦ 

5840C 

I 

15 

98 

105 

98 

85 

99 

♦ 

101 

♦ 

102 

♦ 

102 

♦ 

112 

♦ 

111 

* 

123 

♦ 

123 

t 

5841C 

104 

97 

108 

79 

no 

* 

108 

* 

108 

♦ 

108 

♦ 

117 

* 

113 

I 

124 

♦ 

122 

$ 

5842C 

97 

103 

97 

80 

99 

♦ 

97 

* 

99 

* 

101 

♦ 

109 

♦ 

106 

♦ 

no 

♦ 

113 

♦ 

5843C 

III 

33+ 

105 

108 

105 

93 

106 

* 

107 

* 

108 

* 

no 

♦ 

112 

* 

106 

* 

122 

♦ 

125 

* 

5844c 

107 

109 

112 

87 

112 

♦ 

111 

♦ 

111 

* 

115 

♦ 

134 

♦ 

133 

♦ 

146 

• 

148 

♦ 

5845C 

113 

113 

113 

85 

113 

♦ 

117 

♦ 

119 

♦ 

123 

♦ 

l4o 

* 

135 

♦ 

164 

* 

140 

* 

5846C 

IV 

43* 

114 

125 

116 

no 

117 

101 

117 

100 

119 

♦ 

124 

* 

131 

t 

129 

♦ 

129 

* 

129 

t 

5847C 

96 

122 

96 

92 

98 

96 

92 

96 

92 

♦ 

96 

♦ 

92 

* 

90 

♦ 

86 

♦ 

88 

♦ 

5848c 

99 

118 

99 

88 

101 

♦ 

95 

♦ 

95 

♦ 

95 

♦ 

87 

t 

84 

t 

84 

♦ 

89 

1 

_ (Continued) 

*  Cements  43  and  43A  made  at  same  plant. 

**  Cements  14,  24,  and  4l  made  at  same  plant, 
t  Cements  25  and  33  made  from  same  major  raw  materials. 

♦  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 


(Sheet  7) 


(Revised  May  1976) 

Table  1-LTS  (Continued) 

(installed  at  Treat  Island  in  July  1955) 


Section  17 


2617 

»  Vjw*es  Cycles 

ijnen  gram  ^  -IS66  _  ^7 _ 1968  ^  1970  1971  1972  1973  1971 

No-  Type  No.  JE_  $V f  $S_  Je_  jv£  *E  jty2 


5819c 

I 

16 

106 

110 

110 

96 

no 

* 

106 

* 

108 

* 

110 

♦ 

n3 

♦ 

109 

* 

116 

* 

118 

5850c 

115 

120 

117 

105 

117 

* 

116 

* 

117 

* 

121 

♦ 

123 

* 

124 

t 

127 

* 

127 

5851c 

107 

126 

107 

103 

107 

* 

105 

* 

104 

* 

106 

♦ 

112 

* 

108 

♦ 

112 

* 

108 

5852c 

I 

13 

109 

130 

107 

102 

108 

* 

106 

* 

108 

* 

108 

* 

U2 

♦ 

‘102 

♦ 

no 

* 

105 

5853c 

109 

123 

109 

88 

108 

* 

109 

* 

111 

* 

113 

♦ 

n6 

# 

107 

* 

117 

♦ 

118 

5851c 

108 

128 

108 

91 

107 

* 

109 

♦ 

109 

* 

109 

♦ 

118 

* 

111 

♦ 

120 

♦ 

1 22 

5855c 

III 

31  tt 

106 

128 

107 

87 

107 

* 

108 

♦ 

110 

* 

112 

♦ 

134 

♦ 

136 

* 

152 

♦ 

155 

5856c 

100 

117 

103 

83 

104 

* 

107 

* 

107 

* 

109 

♦ 

121 

* 

119 

* 

119 

* 

121 

5857c 

108 

109 

110 

83 

no 

* 

117 

♦ 

117 

♦ 

122 

♦ 

l4o 

* 

132 

♦ 

163 

♦ 

163 

5858c 

II 

2l*» 

115 

111 

113 

90 

112 

95 

114 

94 

115 

* 

115 

* 

121 

♦ 

n5 

♦ 

122 

* 

127 

5859c 

113 

116 

113 

98 

113 

100 

111 

96 

113 

* 

113 

♦ 

117 

* 

115 

* 

117 

* 

119 

5860c 

89 

111 

86 

90 

84 

101 

80 

97 

80 

* 

84 

* 

77 

♦ 

74 

♦ 

69 

♦ 

69 

5861c 

I 

14« 

103 

116 

102 

100 

102 

99 

100 

98 

102 

* 

102 

♦ 

102 

* 

90 

* 

92 

* 

100 

5862c 

108 

111 

108 

101 

107 

94 

108 

92 

108 

* 

108 

* 

117 

* 

111 

♦ 

115 

♦ 

116 

5863c 

109 

n4 

109 

108 

109 

98 

108 

96 

110 

* 

108 

* 

112 

* 

110 

* 

no 

♦ 

115 

5861c 

II 

23 

107 

116 

107 

106 

108 

* 

105 

* 

107 

♦ 

105 

* 

107 

* 

99 

* 

105 

♦ 

109 

5865c 

97 

116 

97 

96 

97 

♦ 

93 

* 

91 

♦ 

93 

♦ 

93 

* 

85 

* 

91 

♦ 

78 

5866c 

99 

114 

97 

97 

97 

* 

95 

* 

93 

♦ 

95 

♦ 

97 

♦ 

89 

* 

89 

* 

97 

5867C 

II 

21 

109 

129 

109 

112 

108 

100 

105 

100 

103 

* 

103 

♦ 

108 

♦ 

126 

* 

104 

* 

106 

5868c 

109 

121 

109 

106 

108 

n2 

106 

108 

108 

♦ 

106 

* 

no 

* 

106 

♦ 

no 

* 

112 

5869c 

113 

117 

113 

102 

112 

112 

113 

109 

113 

* 

109 

♦ 

* 

* 

i 

* 

* 

* 

5870C 

I 

19B 

110 

114 

109 

96 

109 

108 

109 

105 

110 

* 

107 

♦ 

* 

* 

102 

* 

112 

# 

112 

5871C 

109 

111 

109 

90 

109 

♦ 

107 

♦ 

109 

* 

109 

♦ 

* 

* 

101 

♦ 

114 

♦ 

118 

5872C 

101 

117 

98 

91* 

99 

* 

96 

* 

98 

♦ 

98 

* 

94 

* 

90 

* 

93 

* 

99 

5873C 

I 

12tt 

90 

111 

88 

93 

88 

* 

86 

* 

86 

♦ 

88 

♦ 

84 

* 

81 

♦ 

84 

* 

87 

587IC 

100 

109 

100 

79 

100 

* 

99 

♦ 

100 

* 

102 

♦ 

no 

* 

105 

# 

107 

♦ 

109 

5875C 

112 

122 

113 

87 

112 

* 

113 

t 

113 

* 

117 

♦ 

122 

* 

122 

* 

126 

♦ 

126 

5876C 

V 

51 

109 

126 

119 

96 

119 

* 

117 

♦ 

119 

* 

124 

♦ 

124 

* 

149 

* 

124 

♦ 

125 

5877C 

102 

122 

101 

103 

99 

111 

95 

107 

93 

* 

95 

♦ 

92 

t 

95 

* 

85 

* 

88 

5878c 

116 

131 

116 

112 

115 

112 

114 

109 

116 

* 

118 

♦ 

122 

t 

120 

* 

122 

* 

124 

5879C 

IV 

ll** 

114 

122 

112 

109 

112 

113 

112 

109 

114 

* 

116 

* 

117 

* 

117 

t 

116 

* 

121 

5880c 

112 

124 

114 

104 

113 

117 

111 

114 

113 

* 

113 

* 

n5 

t 

112 

* 

111 

♦ 

112 

5881c 

106 

116 

107 

100 

107 

109 

103 

105 

105 

* 

105 

* 

107 

♦ 

103 

♦ 

103 

* 

105 

5882c 

I 

17 

106 

115 

108 

90 

106 

103 

106 

101 

104 

* 

104 

♦ 

116 

* 

113 

♦ 

112 

♦ 

112 

5883c 

110 

114 

108 

91 

107 

* 

109 

* 

110 

♦ 

110 

♦ 

118 

* 

115 

* 

123 

* 

125 

5881c 

109 

114 

108 

92 

108 

* 

110 

* 

112 

♦ 

114 

♦ 

121 

♦ 

119 

♦ 

1 22 

♦ 

124 

5885C 

II 

25t 

111 

110 

112 

104 

no 

* 

108 

♦ 

108 

* 

112 

♦ 

112 

* 

109 

* 

112 

# 

113 

5886c 

111 

119 

112 

104 

111 

107 

109 

102 

111 

* 

113 

♦ 

113 

* 

109 

♦ 

113 

♦ 

113 

5887C 

119 

127 

120 

108 

118 

103 

120 

100 

120 

* 

122 

♦ 

131 

* 

125 

* 

132 

♦ 

134 

5888c 

II 

22tt 

118 

112 

118 

109 

117 

103 

117 

99 

119 

* 

121 

♦ 

125 

* 

122 

* 

130 

♦ 

132 

5889c 

108 

123 

110 

112 

110 

109 

108 

104 

108 

* 

112 

♦ 

112 

t 

108 

♦ 

112 

♦ 

116 

5890c 

126 

115 

125 

116 

123 

* 

123 

* 

125 

♦ 

127 

♦ 

131 

t 

127 

* 

128 

* 

130 

**  Cements  14,  24,  and  4l  made  at  same  plant, 
t  Cements  25  and  33  made  from  same  major  raw  materials, 
tt  Cements  12,  22,  and  31  made  at  same  plant. 

♦  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 
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(Revised  August  1977) 

Title  1-LTS  (Continued) 
(Instilled  it  Treit  Islind  in  July  1935) 


Section  17 


Spec¬ 

imen 

Pro¬ 

gram 

Cycles 

Cycles 

Cycles 

.  Wl., 

1976 

1977 

No. 

IV 

No. 

*E 

*E 

5693c 

U3A» 

125 

♦ 

137 

Failed 

5691*0 

121 

♦ 

121 

135 

5695c 

105 

* 

123 

95 

5696c 

II 

21 

102 

* 

113 

97 

5697c 

112 

* 

136 

112 

5698c 

100 

♦ 

100 

117 

5699C 

IV 

1*1" 

110 

* 

107 

108 

5700C 

111 

* 

108 

128 

5701C 

106 

* 

107 

107 

5702C 

I 

16 

97 

♦ 

106 

122 

5703C 

96 

♦ 

101 

102 

570UC 

112 

* 

112 

117 

5705C 

V 

51 

98 

* 

121 

121 

5706c 

95 

♦ 

100 

68 

5707C 

69 

* 

88 

88 

5708c 

I 

13 

93 

♦ 

99 

91 

5709C 

101 

♦ 

102 

99 

5710C 

nu 

* 

111* 

125 

5711C 

I 

11 

126 

* 

128 

139 

5712C 

127 

* 

130 

136 

5713C 

132 

* 

132 

ll*7 

571**C 

II 

23 

135 

* 

137 

139 

5715C 

128 

* 

129 

136 

5716c 

129 

* 

132 

132 

5717C 

II 

25t 

136 

* 

131* 

150 

5718c 

130 

* 

132 

ll*3 

5719C 

126 

* 

126 

133 

5720C 

I 

19B 

125 

* 

127 

133 

5721C 

130 

* 

137 

138 

5722C 

127 

♦ 

128 

135 

5723C 

I 

19C 

136 

* 

137 

137 

572hC 

139 

* 

139 

1U0 

5725C 

130 

* 

130 

133 

5726C 

I 

12++ 

132 

* 

137 

137 

5727C 

131 

* 

132 

130 

5728C 

133 

* 

133 

130 

5729C 

I 

17 

128 

* 

128 

130 

5730C 

130 

* 

131 

130 

5731C 

ns 

* 

122 

Failed 

5732C 

III 

31++ 

Hi  it 

* 

Failed 

5733C 

151* 

♦ 

151* 

Failed 

573UC 

156 

* 

156 

Failed 

5735C 

I 

15 

131 

♦ 

133 

Failed 

5736c 

106 

* 

no 

Failed 

5737C 

no 

* 

125 

no 

5738c 

II 

22+t 

117 

* 

ns 

129 

5739C 

132 

* 

131* 

132 

57U0C 

136 

* 

136 

Failed 

1975- _ Readings 


! 


_ (Continued) _ 

•  Cements  U3  and  !*3A  made  at  same  plant. 

99  Cements  lU,  2Ut  and  Ul  made  at  same  plant. 
t  t  Cements  25  and  33  made  from  some  major  raw  materials, 
tt  Cements  12,  22,  and  31  made  at  same  plant. 
t  End  of  specimen  too  rough  to  obtain  satisfactory  reading.  %\  data  discontinued. 


(Sheet  9") 


(Revised  August  1977) 

Table  1-LTS  (Continued) 
(Installed  at  Treat  Island  in  July  1955) 


Section  17 


) 


1975- _ Readings 


2729.  2875  2952" 


Spec¬ 

imen 

ICUb 

Pro¬ 

gram 

Cycles 

1975 

Cycles 

1976 

Cycles 

1977 

No. 

Type 

III 

No. 

JS. 

147 

SSL 

* 

ft 

JfE 

5741C 

33+ 

150 

Failed 

5743C 

139 

* 

113 

1U0 

57UUC 

I 

14«. 

115 

* 

111* 

144 

57U5C 

119 

* 

121 

119 

57U6C 

Missing 

5747C 

II 

24«. 

12U 

* 

123 

124 

5748c 

118 

♦ 

119 

134 

5749C 

113 

* 

117 

117 

5750C 

I 

19A 

129 

* 

130 

135 

5751C 

127 

* 

132 

132 

5752C 

131 

* 

133 

133 

5753C 

I 

18 

107 

* 

Failed 

5754c 

115 

* 

Failed 

5755C 

13U 

* 

Failed 

5756C 

IV 

43* 

133 

* 

Failed 

5757C 

123 

* 

123 

Failed 

5758C 

128 

* 

128 

130 

5759C 

II 

22++ 

112 

* 

112 

127 

5760C 

131 

* 

133 

l4l 

5761C 

134 

* 

139 

135 

5762C 

IV 

43* 

120 

* 

122 

120 

5763C 

132 

* 

133 

132 

5764c 

125 

* 

125 

125 

5765C 

II 

25+ 

129 

* 

130 

128 

5766c 

124 

* 

126 

Failed 

5767C 

124 

* 

124 

126 

5768c 

II 

23 

118 

♦ 

120 

119 

5769C 

119 

♦ 

120 

119 

5770C 

133 

* 

133 

122 

5771C 

I 

17 

116 

* 

116 

116 

5772C 

126 

* 

124 

120 

5773C 

no 

* 

112 

112 

5774c 

IV 

43A» 

130 

* 

128 

160 

5775C 

133 

* 

131* 

137 

5776C 

142 

* 

l4l 

142 

5777C 

I 

16 

12  U 

* 

132 

133 

5778C 

1X9 

* 

120 

115 

5779C 

130 

* 

124 

123 

5780C 

III 

31+ + 

136 

* 

Failed 

5781C 

163 

* 

Failed 

5782C 

160 

* 

Failed 

5783C 

III 

33+ 

157 

♦ 

Failed 

5784c 

155 

♦ 

Failed 

5785C 

156 

♦ 

Failed 

5786c 

I 

12tt 

107 

♦ 

no 

110 

5787C 

in 

♦ 

115 

117 

5788C 

117 

♦ 

117 

122 

5789C 

I 

19B 

129 

♦ 

130 

112 

5790C 

130 

♦ 

125 

133 

5791C 

119 

♦ 

119 

114 

5792C 

I 

19c 

131 

♦ 

130 

126 

5793C 

101 

♦ 

103 

103 

5794C 

128 

♦ 

132 

133 

(Continued) _ 

*  Cements  U3  and  43A  made  at  same  plant. 

••  Cements  lU,  24 ,  and  Ul  made  at  same  plant. 

t  Cements  25  and  33  made  from  same  major  raw  materials, 
ft  Cements  12,  22,  and  31  made  at  same  plant.  2 

*  End  of  specimen  too  rough  to  obtain  satisfactory  reading.  Jv  data  discontinued. 


(Sheet  10) 


(Revised  August  1977) 

Table  1-LTS  (Continued) 
(Installed  at  Treat  Island  in  July  1955) 


"2729 - 2S75 - 2&T 


Spec¬ 

imen 

Ho. 

Type 

Pro¬ 

gram 

No. 

Cycles 

1975 

k  n2 

Cycles 

1976 

n 

Cycles 

1977 

» 

5T95C 

I 

l4« 

135 

* 

130 

128 

5796c 

112 

* 

113 

155 

5797C 

107 

* 

106 

107 

5798C 

I 

11 

125 

* 

119 

119 

5799C 

142 

* 

142 

142 

5800C 

lUl 

* 

146 

130 

5801C 

II 

21 

124 

♦ 

122 

124 

5802C 

112 

* 

113 

115 

5803C 

116 

* 

116 

116 

58o4c 

V 

51 

116 

* 

116 

120 

5805c 

115 

♦ 

115 

Failed 

5806c 

99 

* 

103 

108 

5807C 

I 

18 

112 

* 

115 

116 

5808C 

142 

* 

152 

147 

5809C 

120 

* 

123 

111 

5810C 

II 

24»* 

102 

* 

108 

107 

5811c 

95 

* 

104 

103 

5812C 

125 

* 

126 

128 

5813C 

I 

13 

123 

* 

116 

llU 

58l4c 

94 

♦ 

102 

102 

5815C 

122 

* 

124 

125 

5816c 

IV 

kl— 

125 

* 

126 

127 

5817C 

115 

* 

116 

117 

5818C 

120 

* 

117 

119 

5819C 

I 

19A 

119 

* 

117 

118 

5820C 

135 

* 

137 

137 

5821C 

130 

♦ 

129 

Failed 

5822C 

I 

15 

117 

* 

115 

Failed 

5823C 

119 

* 

125 

97 

5824c 

131 

* 

136 

131 

5825C 

I 

19C 

130 

* 

135 

130 

5826C 

126 

♦ 

126 

129 

5827C 

138 

* 

1U3 

1U3 

5828c 

I 

11 

116 

♦ 

llU 

113 

5829c 

130 

* 

137 

130 

5830C 

120 

* 

123 

124 

5831C 

I 

19* 

117 

♦ 

121 

Failed 

5832C 

129 

* 

129 

130 

5833C 

120 

♦ 

139 

128 

5834c 

IV 

43A» 

119 

♦ 

122 

Failed 

5835C 

122 

* 

127 

Failed 

5836C 

118 

♦ 

126 

Failed 

5837C 

I 

18 

124 

♦ 

130 

Failed 

58380 

153 

♦ 

166 

155 

5839C 

115 

* 

121 

132 

58I1OC 

I 

15 

124 

♦ 

Failed 

5841C 

122 

♦ 

Failed 

5842C 

11U 

♦ 

Failed 

584  3C 

III 

33t 

125 

♦ 

Failed 

5844c 

148 

♦ 

Failed 

58k5C 

l4l 

♦ 

Failed 

5816C 

IV 

43* 

131 

♦ 

Failed 

5847C 

90 

♦ 

Failed 

5848c 

91 

♦ 

Failed 

1975- _ Readings 


_ (Contlnuedj _ 

•  Cements  U3  and  1*3A  made  at  ease  plant. 

••  Cements  lUt  2ht  and  kl  aade  at  saae  plant, 
t  Ceaents  25  and  33  aade  froa  saae  major  raw  materials.  2 

♦  End  of  specimen  too  rough  to  obtain  satisfactory  reading.  %V  data  discontinued 


(Revised  August  1977) 

Table  1-LTS  (Continued)  Section  17 

(Installed  at  Treat  Island  in  July  1955) 


Cement. 

2729 

2875 

2952 

Cycles 

1976 

Cycles 

1977 

Spec¬ 

imen 

Pro¬ 

gram 

ojr  cm 

1975 

No. 

Type 

No. 

Jte 

%E 

%E 

50**  9C 

I 

16 

119 

* 

124 

118 

5850C 

127 

* 

127 

129 

5851C 

llU 

* 

115 

114 

5852C 

I 

13 

106 

* 

103 

101 

5853C 

119 

* 

120 

120 

585*»C 

123 

* 

131 

134 

5855C 

III 

31++ 

155 

* 

166 

158 

5856c 

123 

* 

Failed 

5857C 

162 

* 

178 

Failed 

5858C 

II 

2k— 

127 

* 

132 

132 

5859C 

121 

* 

122 

Failed 

5860c 

70 

* 

62 

128 

5861C 

I 

Ik— 

96 

* 

91 

97 

5862C 

116 

* 

115 

117 

5863C 

115 

* 

118 

105 

586*4 C 

II 

23 

114 

* 

117 

114 

5865c 

77 

* 

79 

77 

5866c 

97 

* 

102 

Failed 

5867C 

II 

21 

108 

* 

110 

112 

5868c 

112 

* 

116 

118 

5869C 

* 

♦ 

Failed 

5870C 

I 

19B 

llU 

* 

117 

124 

5871C 

120 

♦ 

125 

127 

5872C 

99 

* 

107 

109 

5873C 

I 

12+t 

87 

* 

92 

92 

587**C 

109 

♦ 

112 

112 

5875C 

127 

* 

123 

124 

5876C 

V 

51 

125 

♦ 

127 

127 

5877C 

88 

* 

95 

Failed 

5878c 

123 

* 

126 

128 

5879C 

IV 

ki¬ 

121 

* 

124 

125 

5880C 

113 

♦ 

114 

114 

5881C 

106 

* 

115 

135 

5882C 

I 

ll 

114 

* 

112 

112 

588 3C 

125 

* 

123 

123 

588UC 

123 

* 

124 

125 

5885C 

II 

25t 

114 

* 

114 

146 

5886c 

115 

* 

113 

119 

5887C 

134 

♦ 

135 

136 

5888C 

II 

22+t 

132 

* 

135 

134 

5889C 

117 

♦ 

120 

152 

5890C 

130 

* 

133 

158 

1975-  Readings 


••  Cements  14,  24,  and  Ul  made  at  same  plant, 
t  Cements  25  and  33  made  from  same  major  rav  materials, 
tt  Cements  12,  22,  and  31  made  at  same  plant. 

♦  End  of  specimen  too  rough  to  obtain  satisfactory  reading.  %V  data  discontinued. 


O 


(Sheet  12) 


(He vised  Sept  1970) 
Table  2-LTS 


Section  17 


Ri-  •<  fd  Tcstliir  of  C<  r.r.'vtc  Beams,  Longtime  Study.  WES 
S’..  Augustine  Exposure 
19-0- _ (Installed  Summer  1955) 


1955-  I960  Readings 


2222. 


Spec- 

Cem 

ent 

T.'pf; 

Pulse 

1956 

1958 

I960 

1962* 

1964* 

1966* 

1968* 

No. 

Sjces. 

ulo 

No. 

JE 

fps 

fid 

JE 

fid 

ad 

je  ad 

t£  In2 

jte  jSvf 

Jte  if 

5891D 

IV 

43A*» 

100 

15,255 

100 

105 

108 

110 

108 

Lost 

5892D 

100 

15,575 

100 

106 

100 

108 

101 

121 

110 

5893c 

100 

15,220 

100 

106 

109 

111 

105 

119 

104 

5972D 

IV 

43A*» 

100 

15,290 

100 

106 

110 

108 

113 

118 

109 

5973D 

100 

15,290 

100 

109 

98 

112 

ui 

121 

108 

5974D 

100 

14,715 

100 

117 

122 

122 

122 

133 

119 

6032D 

IV 

43A«*  100 

15,540 

100 

108 

__ 

112 

103 

122 

106 

6033D 

100 

16,105 

100 

100 

-- 

97 

97 

106 

100 

6034D 

100 

16,065 

100 

100 

— 

100 

100 

109 

101 

589UD 

II 

21 

100 

15,360 

100 

110 

109 

115 

109 

124 

no 

5895D 

100 

15,470 

100 

104 

105 

107 

107 

111 

105 

5896D 

100 

15,910 

100 

102 

100 

105 

100 

105 

97 

5999D 

II 

21 

100 

15,800 

100 

97 

103 

99 

101 

108 

106 

6000D 

100 

15,615 

100 

101 

106 

103 

X01 

109 

104 

6001D 

100 

15,950 

100 

99 

101 

98 

100 

105 

100 

6O65D 

II 

21 

100 

16,220 

100 

99 

__ 

104 

96 

114 

98 

6066D 

100 

16,105 

100 

102 

— 

92 

95 

100 

99 

6067D 

100 

15,835 

100 

102 

— 

108 

97 

115 

101 

5897D 

IV 

4lt 

100 

15,725 

100 

102 

98 

105 

99 

113 

99 

5898D 

100 

15,800 

100 

105 

99 

104 

99 

118 

100 

58990 

100 

15,875 

100 

103 

100 

107 

100 

113 

99 

6014D 

IV 

4lt 

100 

15,360 

100 

112 

__ 

116 

106 

121 

102 

6015D 

100 

15,505 

100 

107 

— 

110 

105 

114 

105 

6016D 

100 

15,650 

100 

103 

— 

100 

103 

106 

101 

6077D 

IV 

4lt 

100 

15,950 

100 

98 

__ 

103 

95 

111 

101 

6078D 

100 

15,725 

100 

104 

— 

108 

97 

118 

91 

60'i9D 

100 

15,725 

100 

105 

— 

110 

98 

119 

102 

5900D 

I 

16 

100 

15,910 

100 

96 

98 

99 

101 

99 

102 

5901D 

100 

15,985 

100 

95 

98 

98 

99 

104 

99 

5902D 

100 

15,910 

100 

96 

100 

98 

101 

102 

102 

597 3D 

I 

16 

100 

15,150 

100 

107 

106 

116 

113 

128 

109 

5976D 

100 

15,255 

100 

108 

108 

111 

109 

120 

107 

5977D 

100 

15,505 

100 

107 

108 

ill 

109 

120 

103 

6047D 

I 

16 

100 

16,460 

100 

100 

__ 

97 

93 

103 

93 

6048D 

100 

16,260 

100 

101 

.. 

99 

94 

108 

98 

60U9D 

100 

15,985 

100 

105 

— 

105 

99 

111 

101 

5903D 

V 

51 

100 

15,800 

100 

101 

101 

103 

103 

m 

101 

5904  D 

100 

15,800 

100 

102 

102 

105 

105 

111 

103 

5905  D 

100 

15,835 

100 

102 

101 

105 

105 

112 

98 

6002D 

V 

51 

100 

15,985 

100 

100 

102 

101 

97 

107 

103 

6003D 

100 

15,835 

100 

102 

97 

103 

103 

109 

100 

6004D 

100 

15,615 

100 

104 

105 

106 

104 

113 

102 

6074D 

V 

51 

100 

15,760 

100 

105 

no 

104 

120 

106 

6075D 

100 

15,725 

100 

111 

— 

112 

105 

123 

107 

6076D 

100 

15,835 

100 

108 

— 

108 

104 

119 

105 

5906D 

I 

13 

100 

15,950 

100 

100 

101 

103 

107 

110 

99 

5907D 

100 

15,910 

100 

102 

100 

103 

108 

108 

100 

5908D 

100 

15,685 

100 

104 

102 

109 

109 

117 

105 

6011D 

I 

13 

100 

15,910 

100 

102 

103 

99 

no 

98 

6012D 

100 

15,760 

100 

104 

— 

104 

103 

111 

103 

6013D 

100 

15,505 

100 

104 

-- 

106 

103 

114 

105 

1970*  _ 

te  tv2  fc  ftv2 


_ (Continued) _ 

--  Dashed  lines  in  "tv7"  coLumn  in  1956  indicate  that  pulse  velocity  readings  were  not  taken  that  year  due  to  breakdown  of 
electronic  equipment. 

*  The  information  obtained  at  the  July  1964  inspection  of  these  specimens  indicated  the  specimens  could  not  be  identified. 
The  loss  of  identification  is  believed  to  have  taken  place  in  April  19&2,  consequently  data  developed  subsequent  to  that 
date,  previously  reported,  have  been  deleted. 

**  Cements  1*3  and  43A  made  at  same  plant, 
t  Cements  l4,  24,  and  4l  made  at  same  plant. 


(Sheet  1) 


{Revised  Sept  1970) 
T-.ble  7-1, TS  (Continues) 


1955 

Spec-  Cement  Pulse 

imen  LTS  Veloc 

No.  Type  No.  7.E  fps 

6050D  I  13  100  15,985 

60515  100  16,065 

6052D  100  15,950 


5909D  I 
5910D 

59115 

5996D  I 

59975 

59985 

60266  I 

6027D 

6028D 

59125  II 

59135 

5914D 

5966D  II 

59670 

59685 

60620  II 
606  3D 
606  4D 

59155  II 

59165 

59175 

59635  II 

5964D 

59655 

60835  II 

60845 

6085D 

59185  I 

59195 

59206 

59875  I 
59886 
59890 

60686  I 

60695 

60705 

59210  I 

59225 

59230 

59900  I 

59915 

59925 

6023D  I 

60245 

6025D 

59240  I 

59255 

59265 

59840  I 

5985D 

59865 

60710  I 

60720 

60735 


23  100  16,025  100 

100  15,985  100 

100  16,105  100 

23  100  16,065  100 

100  16,420  100 

100  16,220  100 

25tt  100  15,290  100 

100  15,150  100 

100  15,185  100 

25tt  100  15,910  100 

100  15,985  100 

100  16,065  100 


19 

56 

_22 

58 

_ i2 

60 

j£ 

Hi. 

JE 

100 

_ _ 

98 

96 

104 

100 

99 

— 

96 

95 

105 

100 

103 

94 

94 

101 

101 

108 

105 

112 

108 

117 

107 

108 

104 

112 

108 

119 

103 

106 

106 

111 

110 

120 

107 

95 

100 

104 

98 

104 

99 

102 

98 

100 

97 

110 

95 

99 

100 

99 

101 

107 

99 

102 

_ 

97 

96 

104 

98 

100 

— 

102 

98 

109 

98 

101 

--- 

100 

96 

109 

99 

105 

105 

109 

109 

125 

102 

107 

106 

110 

110 

110 

104 

195 

104 

108 

106 

117 

104 

96 

105 

96 

106 

105 

102 

96 

106 

97 

109 

103 

103 

94 

101 

95 

107 

102 

93 

100 

_ 

94 

95 

104 

101 

100 

— 

109 

90 

116 

97 

98 

— 

90 

95 

103 

9l4 

108 

Ill 

113 

ILL 

122 

110 

111 

107 

113 

110 

119 

109 

110 

109 

113 

ice 

123 

108 

99 

105 

101 

105 

109 

99 

101 

103 

102 

106 

109 

100 

97 

107 

98 

110 

106 

100 

102 

___ 

104 

98 

112 

100 

99 

— 

102 

98 

113 

97 

103 

— 

105 

96 

11U 

102 

103 

105 

108 

104 

Ilk 

104 

104 

105 

105 

105 

109 

102 

105 

108 

107 

106 

115 

104 

105 

110 

109 

109 

ns 

105 

105 

108 

109 

108 

117 

108 

104 

111 

107 

108 

117 

109 

101 

_ 

100 

99 

108 

101 

101 

— 

101 

98 

100 

102 

102 

— 

110 

96 

124 

102 

103 

103 

105 

102 

111 

99 

106 

101 

108 

100 

118 

103 

102 

102 

104 

104 

112 

99 

103 

101 

107 

103 

115 

104 

98 

101 

101 

99 

108 

101 

95 

99 

97 

99 

102 

99 

102 

... 

103 

100 

108 

100 

103 

... 

105 

101 

110 

99 

102 

102 

99 

102 

98 

112 

107 

115 

107 

125 

106 

105 

103 

108 

108 

116 

99 

109 

106 

112 

112 

120 

98 

106 

111 

110 

112 

119 

110 

xw  aw  x\j  j  |  xwy  x\Jy  aau  - - 

100  15,360  100  107  89  110  113  120  105 

12*  100  16,105  100  102  —  107  96  117  101 

100  16,625  100  99  —  107  93  114  96 

100  16,420  100  103  —  97  93  108  99 


--  Dashed  lines  in  "'jtv  "  column  in  1956  indicate  that  pulse  velocity  readings  were  not  taken  that  year  due  to  breakdown  of 
electronic  equipment. 

*  The  information  obtained  at  the  July  19&k  inspection  of  these  specimens  indicated  the  specimens  could  not  be  identified. 
The  loss  of  identification  is  believed  to  have  taken  place  in  April  1962,  consequently  data  developed  subsequent  to  that 
date,  previously  reported,  have  been  deleted, 
tt  Cements  25  and  33  made  from  same  major  raw  materials. 

t  Cements  12,  22,  and  31  made  at  same  plant.  (Sheet  2) 


(Revised  Sept  1970) 
Table  2-LTS  (Continued) 


19^-1960  Readings 


Spec- 

Cement 

Pulse 

19 

56 

19 

58 

19* 

60 

No. 

Type 

No. 

£ 

fps 

iv2  f£  Jv2 

p 

id 

&  tv2 

592TD 

I 

17 

100 

15,505 

100 

103 

104 

105 

107 

114 

115 

5928D 

100 

15,085 

100 

loe 

104 

no 

111 

116 

106 

5929D 

100 

15,185 

100 

108 

103 

109 

108 

108 

103 

5969D 

I 

17 

100 

16,220 

100 

96 

96 

98 

98 

104 

96 

5970D 

100 

16,140 

100 

95 

99 

97 

103 

102 

97 

5971D 

100 

16,065 

100 

95 

100 

96 

10 0 

102 

96 

6o6od 

I 

17 

100 

15,985 

100 

102 

__ 

103 

94 

113 

100 

6o8id 

100 

16,260 

100 

101 

— 

103 

94 

113 

97 

6082D 

100 

16,065 

100 

98 

— 

100 

97 

no 

100 

5930D 

III 

31* 

100 

15,150 

100 

105 

105 

105 

104 

106 

100 

5931D 

100 

15,150 

100 

100 

105 

100 

105 

122 

100 

5932D 

100 

15,430 

100 

100 

96 

99 

100 

114 

95 

5978D 

III 

31* 

100 

15,220 

100 

105 

105 

109 

106 

124 

104 

5979D 

100 

15,290 

100 

106 

99 

109 

103 

116 

103 

5980D 

100 

15,185 

100 

102 

105 

104 

107 

109 

100 

6053c 

III 

31* 

100 

15,760 

100 

99 

_ 

96 

91 

101 

97 

6054D 

100 

15,760 

100 

101 

-- 

104 

89 

102 

95 

6055D 

100 

15,760 

100 

99 

— 

107 

88 

115 

104 

5933D 

I 

15 

100 

15,615 

100 

101 

99 

99 

99 

103 

99 

593*10 

100 

15,575 

100 

103 

94 

101 

101 

107 

101 

5935D 

100 

15,835 

100 

101 

99 

99 

99 

107 

97 

6020D 

I 

15 

100 

16,300 

100 

95 

_ 

95 

92 

93 

97 

6021D 

100 

16,140 

100 

98 

-- 

97 

96 

103 

95 

6022D 

100 

16,220 

100 

97 

— 

Broken  in 

handling 

6038D 

I 

15 

100 

16,300 

100 

97 

__ 

96 

89 

102 

96 

6039D 

100 

16,340 

100 

95 

— 

94 

89 

101 

95 

6040D 

100 

16,220 

100 

98 

— 

94 

93 

102 

95 

5936D 

II 

22* 

100 

15,430 

100 

104 

106 

104 

108 

109 

98 

5937D 

100 

15,220 

100 

106 

107 

106 

in 

117 

102 

5938D 

100 

15,650 

100 

104 

103 

105 

108 

109 

97 

5957D 

II 

22* 

100 

16,220 

100 

100 

99 

102 

103 

102 

100 

5958D 

100 

15,760 

100 

103 

102 

105 

106 

113 

104 

5959D 

100 

15,835 

100 

104 

102 

108 

108 

117 

104 

6086D 

II 

22* 

100 

15,985 

100 

102 

__ 

106 

96 

117 

104 

6087D 

100 

15,760 

100 

109 

— 

109 

102 

120 

103 

6088D 

100 

15,835 

100 

106 

— 

no 

98 

119 

102 

5939D 

III 

33+t 

100 

15,650 

100 

101 

101 

102 

m 

105 

97 

59*tOD 

100 

15,650 

100 

102 

99 

102 

106 

115 

97 

59**  ID 

100 

15,615 

100 

101 

101 

101 

105 

112 

95 

5981D 

III 

33+t 

100 

15,650 

100 

102 

99 

104 

99 

no 

100 

5982D 

100 

15,255 

100 

102 

104 

103 

106 

112 

100 

5983D 

100 

15,185 

100 

103 

105 

105 

105 

112 

101 

60*4  ID 

III 

33tt 

100 

15,835 

100 

99 

__ 

95 

97 

102 

97 

6042D 

100 

15,725 

100 

9  8 

— 

105 

97 

104 

94 

6043D 

100 

15,950 

100 

100 

— 

100 

95 

108 

93 

594  2D 

I 

l4t 

100 

16,065 

100 

97 

101 

97 

101 

98 

102 

594  3D 

100 

15,985 

100 

104 

100 

10s 

106 

114 

100 

5944D 

100 

15,650 

100 

106 

106 

108 

106 

119 

103 

599 3D 

I 

l4t 

100 

16,300 

100 

96 

97 

99 

101 

107 

96 

5994D 

100 

16,220 

100 

96 

101 

98 

100 

105 

99 

5995D 

100 

16,260 

100 

96 

102 

98 

97 

107 

98 

6059D 

I 

l4t 

100 

16,420 

100 

98 

__ 

107 

88 

115 

94 

6060D 

100 

16,260 

100 

98 

— 

88 

90 

97 

94 

6061D 

100 

16,180 

100 

101 

-- 

107 

91 

112 

94 

5945D 

II 

24t 

100 

15,725 

100 

103 

103 

105 

106 

114 

98 

5946 D 

100 

15,575 

100 

105 

101 

108 

106 

116 

101 

5947D 

100 

15,360 

100 

110 

108 

112 

113 

119 

103 

(Continued) 

--  Dashed  lines  in  "^v  "  column  ir*  1956  indicate  that  pulse  velocity  readings  were  not  taken  that  year  due  to  breakdown  of 
electronic  equinment. 

*  The  information  obtained  at  the  July  196U  inspection  of  these  specimens  indicated  the  specimens  could  not  be  identified. 
The  ioss  of  identification  is  believed  to  have  taken  place  in  April  1962>  consequently  data  developed  subsequent  to  that 
date,  previously  reported,  have  been  deleted. 

t  Cements  l4,  24,  and  4l  made  at  same  plant, 

ft  Cements  25  and  33  made  from  same  major  raw  materials. 

•  Cements  12,  22,  and  31  made  at  same  plant.  (Sheet  3) 


(Revised  Sept  1970) 
Table  2-LTS  (Concluded) 


Section  17 


/ 


Spec-  i  Cement -  Pulse  i<js6  1958  i960  1962*  1964*  1P66»  lt)68»  1970* 

iraen  LTS  Veloc  0  — ~  - — ” - -  - p  - -  - - -  ~p  - - 

No.  Type  No.  JE  fps  flT  %  foT  pt  $E  ftE  foT  %£.  fa  frt 


6056D 

II 

24t 

100 

16,300 

100 

102 

_ 

no 

90 

121 

93 

6057D 

100 

15,950 

100 

102 

— 

96 

89 

106 

98 

6058D 

100 

15,835 

100 

102 

--- 

108 

92 

108 

93 

6008D 

II 

24t 

100 

15,395 

100 

102 

_ 

105 

100 

113 

100 

6009D 

100 

15,505 

100 

103 

— 

106 

97 

113 

9T 

6010D 

100 

15,430 

100 

107 

— 

108 

100 

118 

101 

59483 

I 

19A 

100 

15,085 

100 

109 

Ill 

113 

117 

121 

107 

59493 

100 

15,115 

100 

107 

108 

109 

118 

117 

104 

5950D 

100 

15,115 

100 

107 

no 

109 

117 

120 

105 

6029D 

I 

19A 

100 

15,725 

100 

106 

_ 

106 

104 

116 

104 

6030D 

100 

15,650 

100 

105 

— 

107 

102 

Bkn 

in  hdlg 

603ID 

100 

15,615 

100 

106 

— 

112 

103 

120 

104 

60170 

I 

19A 

100 

15,085 

100 

105 

_ 

109 

109 

113 

106 

6018D 

100 

14,950 

100 

113 

. — 

n6 

U2 

121 

108 

60193 

100 

15,185 

100 

104 

— 

108 

105 

117 

108 

59510 

I 

18 

100 

15,9*0 

100 

100 

98 

101 

101 

106 

99 

59520 

100 

16  ,5 

100 

101 

98 

102 

100 

114 

97 

59530 

100 

1^,?75 

100 

106 

107 

107 

114 

112 

103 

6005D 

I 

18 

100 

15,800 

100 

103 

98 

106 

101 

113 

102 

6006D 

100 

15,470 

100 

106 

104 

108 

104 

119 

105 

60070 

100 

15,835 

100 

103 

100 

105 

101 

112 

100 

6035D 

I 

18 

100 

16 , 34o 

100 

100 

_ 

97 

93 

104 

99 

6036D 

100 

15,985 

100 

100 

— 

99 

98 

107 

100 

6037D 

100 

16,025 

100 

101 

— 

104 

98 

in 

100 

5954D 

IV 

43** 

100 

15,360 

100 

106 

102 

109 

113 

118 

108 

5955D 

100 

15,650 

100 

101 

96 

102 

108 

n2 

100 

5956D 

100 

15,615 

100 

101 

103 

102 

105 

109 

99 

5960D 

IV 

43** 

100 

15,255 

100 

113 

m 

118 

114 

126 

115 

596 ID 

100 

15,325 

100 

116 

114 

121 

115 

127 

113 

59620 

100 

15,290 

100 

116 

111 

121 

118 

130 

113 

6044D 

IV 

43** 

100 

15,220 

100 

104 

_ 

116 

100 

126 

104 

604  5D 

100 

15,615 

100 

103 

— 

109 

99 

120 

98 

6046D 

100 

15,875 

100 

100 

— 

99 

98 

97 

97 

--  Dashed  lines  in  "$v  "  column  in  1956  indicate  that  pulse  velocity  readings  were  not  taken  that  year  due  to  breakdown  of 
electronic  equipment. 

*  The  information  obtained  at  the  July  19*'4  inspection  of  these  specimens  indicated  the  sfx;cimens  could  not  be  identified. 
The  loss  of  identification  is  believed  to  have  taken  place  in  April  1962,  consequently  data  developed  subsequent  U-  that 
date,  previously  reported,  have  been  deleted. 

**  Cements  43  and  43A  made  at  same  plant, 
t  Cements  14,  24,  and  4l  made  at  same  pl^nt. 


o 


(Sheet  4) 


(Issued  Aiigust  1977) 


Key  to  Section  18 


Charles 


Aggregates 


Admixtures 


River  Dam-Smelt  Brook  Local  Protection  Pro.lect 
New  England  Division 

Coarse  "A,”  natural  gravel,  Ossipee,  N.  H. 

Fine  "A,"  natural  sand,  Ossipee,  N.  H. 

Coarse  "B,"  crushed  quarry  and  natural  gravel, 
Marshfield  sand  and  gravel. 

Fine  "B,"  natural  sand,  Marshfield  sand  and  gravel. 

Water  Reducer  "A,"  Pozzolith  122  N,  Master  Builders. 

Water  Reducer  "B,"  WRDA,  W.  R.  Grace 

Air-entraining  "A,"  MBVR,  Master  Builders. 

Air-entraining  "B,"  DAREX,  W.  R.  Grace. 


Cement:  Atlantic  type  II,  Hudson  Valley,  N.  Y. 


(Issued  August  1977)  Section  18 

Charles  River  Dam-Smelt  Brook  Local  Protection  Project 
New  England  Division 

In  August  1976,  18  concrete  beams  (6  by  6  by  2l*  in.  )  were 
installed  on  the  Treat  Island  exposure  rock  for  the  U.  S.  An^y  Engineer 
Division,  CE,  New  England.  These  specimens  represent  three  concrete 
mixes  used  for  two  construction  jobs;  Mixes  1  and  2  were  used  for  the 
Charles  River  Dam,  Boston,  Mass.,  and  Mix  3  was  used  for  Smelt  Brook 
Local  Protection  Project,  Weymouth,  Mass.  Type  II  Portland  cement  was 
used  in  the  three  mixes.  Mixes  1  and  2  contain  coarse  and  fine  ag¬ 
gregates  "A"  (1-1/2  in.  maximum  size),  water  reducer,  and  air-entraining 
admixture  "A."  Mix  3  contains  coarse  and  fine  aggregates  "B"  (3/U-in. 
maximum  size),  water  reducer,  and  air-entraining  admixtures  "B."  More 
mixture  data  are  given  in  Table  1.  Table  1-NED  gives  the  exposure 
record  of  the  installed  beams. 


Charles  River  Dam-Smelt  Brook  Local  Protection  Project 


Section  18 
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Identification  tag  is  attached  to  each  specimen. 


(Issued  August  1977)  Section  18 

Table  1-NED 

Record  of  Testing  of  Concrete  Specimens  from  Charles  River  Dam,  and 


Smelt  Brook  Local  Protection  Pro.lect  (installed  August  1976 


Exposure  Rack,  Row  3 


(Issued  June  1959) 


Section  22 


Mt.  Morris  Dam*  Cores 


In  October  1949,  11  concrete  cores  (10  in.  in  diameter  by  18  in. 
long)  taken  from  concrete  placed  at  Mt.  Morris  Dam,  N.  Y.,  between  May  and 
August  1949,  were  installed  on  the  Treat  Island  exposure  rack.  The  purpose 
of  this  installation  was  to  determine  the  durability  of  these  cores.  The 
aggregates  used  consisted  of  crushed  limestone  and  manufactured  limestone 
sand;  the  cement  was  type  II-A.  Five  of  these  cores  were  taken  from  the 
upstream  face  of  the  structure  and  represent  exterior  concrete  of  approxi¬ 
mately  4.0-bags-per-cu-yd  cement  factor.  The  remaining  six  cores  represent 
interior  concrete  of  approximately  3* 1-bags-per-cu-yd  cement  factor. 

Table  1-MM  lists  these  cores  and  gives  their  exposure  record  along 
with  other  pertinent  information. 


*  See  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Aggregate 
Tests,  Mount  Morris  Dam  (Vicksburg,  Miss.,  February  1948). 


(Revised  August  1977) 
Table  1-M4 


Section  22 


Record  of  Testing  of  Concrete  Cores,  Mount  Morris  Dam 
1949-  (Installed  October  1949) 


East  Bay,  Row  1  (N  to  S) 


Specimen 

Wo. 


Exterior,  Nominal  4-bag-per-cu-yd  Cement  Factor 


Con-l-20(i; 

1  0.49 

4.1 

100 

109 

109 

n4 

118 

16,855 

100 

119 

96 

in 

98 

127 

90 

125 

92 

125 

103 

Con-2-21(2; 

1  0.49 

4.1 

100 

104 

112 

n4 

114 

16,305 

100 

116 

90 

us 

100 

124 

92 

122 

96 

122 

99 

Coo-3-22(l] 

i  0.49 

4.1 

100 

110 

114 

118 

119 

16,665 

100 

123 

92 

125 

107 

129 

94 

129 

98 

132 

105 

Con-5-24(2l 

i  0.49 

4.1 

100 

113 

115 

121 

llB 

16,485 

100 

125 

96 

123 

100 

129 

90 

126 

96 

120 

100 

Con-6-24A 

0.49 

4.1 

100 

108 

113 

n7 

117 

16,855 

100 

121 

96 

122 

105 

128 

94 

125 

92 

132 

100 

Interior , 

Nominal 

3-4ag- 

per-cu-yd  Cement  Factor 

Con-8-3A 

0.59 

4.6 

100 

112 

114 

115 

118 

16,485 

100 

120 

102 

121 

105 

126 

100 

128 

100 

130 

107 

Con-9-3B(l)  0.59 

4.7 

100 

113 

115 

113 

119 

16,485 

100 

n9 

107 

ns 

112 

116 

105 

117 

103 

120 

108 

Con-11-7 

0.61 

4.3 

100 

106 

108 

113 

112 

15,790 

100 

nT 

100 

116 

107 

121 

96 

110 

98 

112 

104 

Con-12 -8(2)  O.59 

3-3 

100 

107 

no 

114 

115 

15,955 

100 

120 

100 

121 

104 

126 

98 

124 

102 

127 

104 

Con-l4-9B(2)  |0.59 

3.3 

100 

104 

115 

118 

118 

16,130 

100 

120 

94 

119 

100 

124 

92 

116 

94 

115 

iooi 

Con-15-10 

0.62 

4.2 

100 

103 

in 

113 

114 

15,625 

100 

n7 

102 

96 

98 

102 

92 

97 

92 

104 

98 

t  — B 

5 »T 


Water  ~  — 

Cement  0  l6l  250  351  436  Cycles.  1953 

Ratio  Cycles  Cycles  Cycles  Cycles  Pulse 

(by  Air  1949  1950  1951  1952  Veloc  ,  5  5  5  ~  5 

vt)  H  He  He  He  He  he  fps  Vr  He  i't  He  tr  He  H\r  He  lr  He  ir 


Cycles 

4954 


552 

Cycles 

1??? 


859 

Cycles 


1003 

Cycles 

1957 


1074 

Cycles 

_1258_ 


Exposure  Rack,  Row  4  (W  to  E) 


1959-1968  Readings 

1224 

1295 

I436 

1525 

1631 

1766 

1929 

2059 

2215 

2400 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

4959 

I960 

1961 

1962 

4963  _ 

1964 

_1265 

1966 

4967 

1968 

Je  Jvf  Je  Jvf  Je  Jvf  HeHv2  He  i tv2  He  Hv2  He  Hv^  He  Hv^  He  Hv2  He  Hv2 


Exterior,  Nominal  U-bag-per-cu-yd  Cement  Factor 


Con-1-20(1) 

0.49 

4.1 

132. 

90 

125 

92 

123 

98 

111 

92 

nr 

107 

113 

82 

107 

90 

107 

76 

97 

67 

91 

72 

Con-2-21(2) 

0.49 

4.1 

131 

91 

134 

97 

125 

104 

123 

90 

122 

102 

117 

94 

U3 

100 

109 

94 

98 

85 

108 

85 

Con-3-22(l) 

0.49 

4.1 

137 

90 

133 

86 

125 

92 

120 

84 

121 

90 

109 

90 

H9 

98 

106 

86 

99 

si 

94 

81 

Con-5-24(2) 

0.49 

4.1 

126 

90 

130 

92 

126 

90 

134 

77 

1 16 

98 

119 

92 

129 

100 

124 

77 

106 

72 

104 

78 

Con-6-24A 

0.49 

4.1 

132 

84 

129 

89 

123 

94 

119 

98 

119 

92 

113 

88 

114 

88 

109 

81 

98 

75 

111 

82 

Interior,  Nominal  3-bag -per- 

-cu-yd  Cement  Factor 

Con-8-3A 

0.59 

4.6 

127 

94 

129 

98 

122 

96 

118 

96 

116 

102 

no 

100 

101 

94 

101 

92 

92 

88 

93 

88 

Con-9-3B(l) 

0.59 

4.7 

106 

101 

113 

101 

107 

102 

100 

71 

76 

86 

71 

109 

67 

83 

67 

58 

62 

59 

66 

39 

Con-11-7 

0.61 

4-3 

113 

94 

115 

96 

101 

88 

103 

92 

101 

102 

93 

94 

80 

90 

86 

72 

74 

77 

74 

71 

Con-12 -8( 2 ) 

0.59 

3.3 

122 

92 

125 

92 

112 

96 

111 

104 

115 

104 

106 

98 

105 

96 

100 

79 

83 

88 

91 

88 

Con-14 -9B(  2) 

0-59 

3.3 

109 

83 

106 

92 

98 

96 

95 

77 

91 

102 

124 

92 

109 

82 

127 

69 

n2 

68 

107 

68 

Con-15-10 

0.62 

4.2 

98 

89 

92 

89 

87 

89 

86 

79 

77 

92 

68 

89 

60 

78 

61 

— 

Failed 

1969-1977  Readings 

2555 

2707 

5576 

3533 

5173 

^359 

3451 

3570 

3557 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

He  Hv2 

He  Hv2 

He  Hv2 

He  Hv2 

Je  Jvf. 

21  tf. 

HE 

Je  j/ 

JE 

Exterior, 

Nominal  U-bag-per-cu-yd 

Cement  Factor 

Con-l-20(l' 

1  0.49 

4.1 

92 

59 

93 

55 

91 

27 

NR  26 

Failed 

Con-2-2l(2 

1  0.49 

4.1 

108 

81 

105 

69 

105 

29 

Failed 

Con-3-22(l] 

1  0.49 

4.1 

93 

69 

NR 

54 

93 

4l 

Failed 

74 

Con- 5 -24(2] 

1  0.49 

4.1 

106 

75 

111 

69 

106 

52 

109  40 

101 

71 

97 

75 

97 

90 

96 

83 

117 

Con-6-24A 

0.49 

4.1 

109 

79 

115 

64 

108 

40 

Failed 

Interior, 

Nominal  3-bag-per-cu-yd  Cement 

Factor 

Con-8 -3A 

0.59 

4.6 

92 

81 

91 

70 

88 

52 

83  63 

83 

49 

79 

48 

80 

90 

78 

81 

73 

70 

Con-9-3B(l)  0.59 

4.7 

NR 

— 

Failed 

Con-11-7 

0.61 

4.3 

71 

NR 

72 

« 

72 

Failed 

Con- 12-8(2)  0.59 

3.3 

90 

82 

87 

68 

87 

27 

86  57 

89 

NR 

88 

63 

88 

96 

78 

88 

65 

73 

Con-l4-9B(2)  0.59 

3.3 

105 

58 

NR 

51 

NR 

25 

Failed 

--  Dashed  lines  in  "£v  ' "  column  indicate  that  end  of  specimen  was  too  rough  to  obtain  satisfactory  reading. 

NR  denotes  that  a  satisfactory  reading  was  not  obtained  although  an  attempt  was  made  to  obtain  a  satisfactory  reading. 


(Issued  June  1959) 


Section  25 


Air -entraining  Admixture  Study* 


The  purpose  of  this  study  is  to  determine  the  relative  effect  of  sev¬ 
eral  commercial  admixtures  on  the  durability  of  concrete.  In  November 
1944,  ninety  (6-  by  6-  by  30-in. )  concrete  specimens  containing  eight  ad¬ 
mixtures  were  installed  on  the  Treat  Island  exposure  rack.  The  aggregates 
used  in  these  specimens  were  natural  siliceous  sand  and  crushed  traprock  of 
1- 1/2- in.  maximum  size.  One  cement  (type  II )  was  used,  and  the  concrete 
mixtures  had  nominal  cement  factors  of  4.5,  5.25,  and  6.0  bags  per  cu  yd 
with  a  nominal  slump  of  3  in.  The  water-cement  and  sand-aggregate  ratios 
were  permitted  to  fluctuate  as  affected  by  the  admixture.  The  test  speci¬ 
mens  were  of  one  size,  but  of  two  types:  columns  and  beams. 

Table  1-CRA  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

In  November  1957,  the  following  seven  concrete  beam  specimens  were 
returned  to  the  laboratory  for  detailed  studies. 


:imen  No. 

Admixture  Used 

AB5A 

Admixture  A 

AB5B 

Admixture  A 

AB4 

Admixture  A 

PB5C 

None 

pb4 

None 

RB5A 

Resin  soap 

RB4 

Resin  soap 

The  purpose  of  these  studies  was  to  determine  why  some  specimens  with  no 
admixture  and  some  specimens  with  admixture  A  survived  13  years  exposure 
at  Treat  Island  when  similar  concrete  was  found  to  be  nonfrost-resistant 
by  laboratory  tests  made  in  1944.  Similar  tests  conducted  in  1958  gave  the 
same  results  as  the  1944  tests.  The  laboratory  studies  did  not  indicate 
conclusively  the  reason  for  the  survival  of  these  specimens,  but  they  did 
indicate  the  following: 


*  See  Central  Concrete  Laboratory,  Concrete  Research,  Second  Interim 
Report,  Part  I,  "Laboratory  Studies  of  Concrete  Containing  Air- 
entraining  Admixtures"  (July  1945)* 


a.  Specimens  with  high  relative  moduli  ($E)  are  not  necessarily 
undamaged  by  exposure  at  Treat  Island;  microfractures  were 
found  in  one  specimen  having  a  $E  of  153* 

b.  The  reason  for  the  survival  of  the  specimens  with  no  admix¬ 
ture  and  with  admixture  A  was  not  the  accidental  inclusion 
of  an  air-entraining  agent  that  produced  an  air-void  system 
capable  of  imparting  frost  resistance,  since  no  such  void 
system  is  present. 

£.  It  is  possible  that  the  early  termination  of  moist-curing  of 
the  specimens  with  admixture  A  increased  their  frost  re¬ 
sistance  by  making  them  less  readily  saturable  on  exposure. 


(issued  June  1959) 
Table  1-CRA 


Section  25 


Spec-  (Nominal)  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Pulse 

lien  Type  bags/  Air  1944  1945  1946  1947  1948  1949  1950  1951  1952  Veloc  2 

Specimen  cu  yd  J_  He  _g _ g _ g _ g _ g _ g _ g _ g _ g  j£s_  g_ 


Admixture  A 


AC  5 A 

Column* 

5-25 

1.9 

Broken  at  installation 

AB5A 

Beam* 

100 

120 

127 

133 

AC5B 

Column 

100 

119 

128 

129 

AB5B 

Beam 

100 

120 

131 

135 

AC5C 

Column 

100 

119 

127 

130 

AB5C 

Beam 

100 

120 

131 

136 

AC4 

Beam 

4.5 

2.0 

100 

120 

136 

136 

AB4 

Beam 

100 

119 

134 

139 

AC6 

Column 

6.0 

1.8 

100 

118 

127 

129 

AB6 

Beam 

100 

118 

127 

129 

132 

134 

136 

136 

139 

137 

15,330 

100 

129 

130 

131 

131 

135 

138 

15,430 

100 

135 

135 

136 

136 

140 

143 

15,150 

100 

130 

132 

131 

131 

133 

138 

15,725 

100 

135 

138 

138 

138 

140 

144 

15,530 

100 

138 

133 

138 

138 

l4l 

146 

14,880 

100 

137 

140 

l4l 

140 

142 

148 

15,060 

100 

104 

88 

Failed 

128 

130 

129 

129 

131 

136 

16,020 

100 

Paraffin  Oil 


0C5A 

Column 

5.25 

3.9 

100 

109 

113 

116 

115 

115 

117 

114 

118 

121 

15,430 

100 

0B5A 

Beam 

100 

no 

117 

118 

118 

117 

119 

118 

121 

123 

15,625 

100 

0C5B 

Colimm 

100 

106 

ns 

116 

115 

n4 

115 

n3 

n5 

119 

15,150 

100 

0B5B 

Beam 

100 

109 

115 

116 

116 

115 

116 

115 

n7 

120 

15,530 

100 

0C5C 

Column 

100 

no 

120 

122 

122 

121 

122 

121 

125 

127 

15,430 

100 

9B5C 

Beam 

100 

108 

114 

115 

115 

115 

116 

115 

117 

120 

15,245 

100 

oc4 

Column 

4.5 

7-5 

100 

no 

115 

116 

117 

116 

n7 

n5 

n8 

121 

14,795 

100 

0B4 

Beam 

100 

107 

111 

112 

111 

108 

no 

109 

no 

112 

14,370 

100 

0C6 

Column 

6.0 

5-6 

100 

in 

n4 

115 

116 

113 

115 

113 

n6 

119 

15,430 

100 

0B6 

Beam 

100 

in 

116 

118 

118 

n9 

n9 

120 

120 

124 

15,150 

100 

Admixture 

_B 

ZC5A 

Column 

5.25 

4-9 

100 

108 

115 

115 

114 

n6 

116 

115 

117 

120 

15,825 

100 

ZB  5 A 

Beam 

100 

106 

112 

114 

112 

114 

114 

114 

114 

120 

15,725 

100 

ZC5B 

Column 

100 

106 

115 

117 

115 

113 

112 

in 

113 

120 

14,705 

100 

ZB5B 

Beam 

100 

101 

109 

112 

no 

110 

110 

no 

112 

115 

15,530 

100 

ZC5C 

Column 

100 

106 

115 

117 

115 

116 

117 

n7 

120 

123 

15,530 

100 

ZB5C 

Beam 

100 

105 

112 

113 

112 

112 

112 

112 

n4 

117 

14,970 

100 

ZC4 

Column 

4.5 

4-7 

100 

104 

112 

n2 

112 

112 

111 

110 

112 

116 

15,725 

100 

ZBk 

Beam 

100 

102 

110 

112 

110 

109 

in 

110 

in 

113 

15,430 

100 

zc6 

Column 

6.0 

6.0 

100 

105 

111 

112 

ni 

in 

112 

ni 

114 

117 

15,625 

100 

ZB6 

Beam 

100 

106 

117 

119 

115 

n7 

119 

117 

121 

123 

15,150 

100 

Resin  Soap  ♦  CaClg 


CCS* 

Column 

5.25 

7.8 

100 

106 

112 

115 

n2 

in 

m 

114 

113 

99 

14,970 

100 

CB5A 

Beam 

100 

104 

in 

112 

111 

108 

in 

108 

112 

115 

14,705 

100 

CC5B 

Column 

100 

109 

118 

121 

119 

120 

121 

119 

123 

125 

15,245 

100 

CB5B 

Beam 

100 

107 

n6 

116 

114 

116 

116 

113 

117 

119 

14,880 

100 

CC4 

Colimm 

4.5 

5.2 

100 

107 

n4 

115 

114 

113 

113 

112 

114 

116 

15,335 

100 

CB4 

Beam 

100 

107 

112 

n3 

no 

no 

no 

109 

113 

114 

15,060 

100 

CC6 

Column 

6.0 

6.4 

100 

107 

113 

114 

113 

n3 

113 

112 

114 

117 

15,335 

100 

CB6 

Beam 

100 

108 

113 

115 

113 

113 

113 

113 

115 

118 

15,060 

100 

Without  Admixture 


PC5A 

Column 

5-25 

1.6 

100 

109 

113 

Filled 

PB5A 

Beam 

100 

102 

Filled 

PC5B 

Column 

100 

109 

113 

114 

Filled 

PB5B 

Beam 

100 

no 

115 

115 

115 

115 

117 

117 

Failed 

PC5C 

Column 

100 

ni 

118 

116 

111 

116 

118 

n8 

Failed 

PB5C 

Beam 

100 

no 

115 

115 

113 

112 

113 

in 

n3 

116 

15,335 

100 

PC4 

Column 

4.5 

3.3 

100 

109 

117 

118 

118 

129 

118 

117 

n9 

122 

15,060 

100 

PB4 

Beam 

100 

109 

111 

115 

113 

113 

113 

in 

112 

113 

14,970 

100 

PC6 

Column 

6.0 

1.7 

100 

106 

111 

112 

Filled 

pb6 

Beam 

100 

no 

115 

117 

115 

115 

118 

118 

n8 

119 

14,705 

100 

(Continued) 


*  A  colt 


is  cast  with  its  long  axis  vertical;  a  beam  Is  cast  vlth  Its  long  axis  horizontal. 


(l  of  4  sheets) 


(Revised  Aug  1963) 
Table  1-CRA  (Continued) 


Section  25 


Ceaent  1944-1953  Headings 

Factor  —  UO  215  333  555  569  730  5l§  535  1665  Cycles,  l9?3 


Spec¬ 

imen 

No. 

Type 

Specimen 

(Nominal) 
bags/ 
cu  yd 

Air 

_L 

Cycles 

19W 

*e 

Cycles 

191*5 

£ 

Cycles 

1946 

P 

Cycles 

191*7 

Cycles 

191*8 

ite 

Cycles 

191*9 

Cycles 

1950 

£ 

Cycles 

1951 

Cycles 

1952 

Ke 

Pulse 

Veloc 

fps 

id 

Resin  Soap 

RC5A 

Column 

5-25 

6.5 

100 

112 

US 

120 

118 

118 

121 

118 

120 

123 

15,150 

100 

RB5A 

Beam 

100 

108 

113 

115 

115 

116 

n7 

115 

119 

122 

ll*,880 

100 

RC5A1 

Column 

100 

111 

U5 

116 

115 

n7 

118 

116 

118 

121 

15,150 

100 

RB5A1 

Beam 

100 

109 

113 

115 

115 

116 

117 

116 

118 

121 

15,060 

100 

RC5B 

Column 

100 

111 

U9 

120 

121 

121 

122 

n8 

121 

126 

ll*,970 

100 

RB5B 

Beam 

100 

110 

115 

117 

117 

n7 

118 

116 

118 

120 

15,060 

100 

RC5C 

Column 

100 

no 

U4 

n7 

115 

116 

116 

114 

118 

120 

15,060 

100 

RB5C 

Beam 

100 

108 

113 

115 

n4 

n4 

114 

114 

111* 

n7 

ll*,880 

100 

RC4 

Column 

4-5 

7.8 

100 

112 

U9 

120 

n7 

n 6 

116 

n4 

116 

119 

14,535 

100 

RB4 

Beam 

100 

no 

Ul* 

114 

114 

111 

in 

no 

in 

in 

14,1*50 

100 

RC6 

Column 

6.0 

6.5 

100 

no 

113 

n4 

n4 

113 

113 

in 

U3 

116 

15,335 

100 

RB6 

Beam 

100 

109 

120 

119 

122 

118 

119 

118 

119 

116 

15,060 

100 

Tallow  (Beef) 


TC5A 

Column 

5-25 

4.0 

100 

111 

n8 

n9 

llfl 

115 

112 

100 

Failed 

TB5A 

Beam 

100 

108 

no 

U3 

U3 

n3 

n3 

92 

Failed 

TC5B 

Column 

100 

109 

121 

125 

123 

124 

121 

n4 

93 

Palled 

TB5B 

Beam 

100 

104 

in 

U4 

n3 

in 

112 

107 

Palled 

TC5C 

Column 

100 

109 

96 

Palled 

TB5C 

Beam 

100 

108 

113 

115 

U3 

n4 

115 

113 

U3 

U6 

14,970 

100 

TC4 

Column 

4.5 

3-4 

100 

109 

n7 

119 

ns 

126 

112 

107 

96 

Failed 

TB4 

Beam 

100 

104 

108 

109 

106 

in 

no 

109 

109 

no 

14,880 

100 

TC6 

Column 

6.0 

3.6 

100 

109 

114 

ll£ 

ns 

109 

97 

92 

90 

Palled 

TB6 

Beam 

100 

in 

120 

123 

122 

121 

122 

121 

123 

124 

15,530 

100 

Admixture  C 


DC5A 

Column 

5.25 

6.5 

100 

109 

n4 

n6 

U5 

U7 

n7 

n4 

U7 

118 

15,060 

100 

DB5A 

Beam 

100 

108 

115 

117 

116 

115 

116 

ns 

115 

U7 

15,150 

100 

DC5B 

Column 

100 

106 

in 

113 

in 

in 

112 

ns 

no 

116 

l4,88o 

100 

DB5B 

Beam 

100 

Ul 

115 

116 

115 

116 

n7 

U3 

116 

120 

14,705 

100 

DC5C 

Column 

100 

in 

118 

120 

n8 

n8 

n8 

U7 

120 

118 

14,795 

100 

EB5C 

Beam 

100 

109 

113 

116 

116 

n4 

n4 

in 

n4 

ll6 

14,535 

100 

DC4 

Column 

4.5 

8.1 

100 

109 

n4 

115 

n4 

in 

in 

107 

109 

108 

14,450 

100 

db4 

Beam 

100 

109 

n4 

112 

109 

107 

107 

105 

106 

108 

14,045 

100 

DC6 

Column 

6.0 

6.1 

100 

109 

116 

116 

116 

113 

n4 

in 

115 

U7 

14,970 

100 

db 6 

Beam 

100 

in 

119 

122 

119 

120 

120 

118 

120 

120 

14,970 

100 

Admixture 

_D 

HC5A 

Column 

5.25 

8.0 

100 

in 

116 

n8 

U7 

116 

U7 

115 

118 

121 

15,335 

100 

HB5A 

Beam 

100 

110 

118 

118 

n7 

U7 

118 

n7 

119 

123 

15,245 

100 

HC5B 

Column 

100 

109 

113 

U6 

116 

U7 

n7 

n4 

n8 

118 

14,880 

100 

HB5B 

Beam 

100 

109 

116 

n9 

118 

118 

120 

n9 

121 

123 

14,620 

100 

HC5C 

Column 

100 

U3 

120 

n7 

U5 

117 

n9 

n7 

119 

122 

15,245 

100 

HB5C 

Beam 

100 

no 

115 

U6 

n6 

115 

U5 

n4 

117 

120 

14,795 

100 

HC4 

Column 

■*•5 

9.4 

100 

113 

118 

120 

n8 

n8 

118 

121 

118 

120 

14,970 

100 

HB4 

Beam 

100 

112 

115 

ns 

n4 

112 

112 

in 

112 

Failed 

HC6 

Column 

6.0 

6.0 

100 

112 

U7 

120 

118 

120 

120 

120 

122 

124 

15,625 

100 

HB6 

Beam 

100 

in 

116 

118 

n7 

119 

U7 

n£ 

119 

122 

15,335 

100 

Exposure  Rack.  Row  2  (W  to  E) 


1954-1962  Readings 

1116 

1261 

1428 

1575  1643  1793 

1864 

2005 

2094 

Cycles 

Cycles 

Cycles 

Cycles  Cycles  Cycles 

Cycles 

Cycles 

Cycles 

1954 

1955 

1956 

1957  1958  1959 

i960 

1961 

1962 

JE  Jvf 

fid 

JE  Jvf 

id  id  J*  id 

je  td 

J§  fid 

je  id 

Admixture  A 

AB5A 

Beam 

5.25 

1.9  145 

101 

147 

105 

150 

99 

153  Returned  to  laboratory  November 

1957 

AC5B 

Column 

l4l 

104 

142 

105 

149 

96 

148  93  151  97  155  90  142 

92 

148 

99 

144 

U3 

AB5B 

Beam 

148 

106 

148 

109 

153 

106 

153  Returned  to  laboratory  Kovenber 

1957 

AC5C 

Column 

140 

101 

142 

104 

150 

95 

138  97  150  103  154  97  151 

99 

148 

95 

141 

107 

AB5C 

Beam 

147 

105 

147 

105 

150 

91 

144  97  151  103  155  98  149 

101 

149 

99 

142 

105 

(Continued) 

(Sheet  2) 

(Revised  Sept  I968) 


Spec¬ 

imen 

No. 


Type 

Specimen 


Cement 
Factor 
(Nominal) 
bags/ 
cu  yd 


Table  1-CRA  (Continued)  Section  25 

_ _ _  _ Exposure  Rack,  Row  2  (W  to  E) 

1954-19&2  Readings 

III5  1251  1555  1572  1543  1793  IB55  2005  209! 

Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles 

Alr  1954  19?? 1956  1957  1958  1959  I960  1961  1962 

%  tn  jvf.'Jte  _Je  $vf  _Je  ^vf  te  p2 


Admixture  A  (Continued) 


AC4 

AB4 

Column 

Beam 

^-5 

2.0  147 
149 

104 

106 

147 

150 

108 

108 

146 

158 

100 

101 

152  98  157  105  160  99  152 

153  Returned  to  laboratory  November 

101 

1957 

152 

102 

147 

108 

AB6 

Beam 

6.0 

1-8  137 

100 

133 

98 

145 

** 

137  90  146  91  1U9  87  144 

88 

l4l 

95 

133 

99 

Paraffin  Oil 


0C5A 

Column 

5.25 

3.9 

122 

104 

122 

101 

129 

** 

126 

114 

127 

102 

132 

94 

127 

96 

127 

98 

119 

94 

0B5A 

Beam 

124 

104 

125 

101 

132 

96 

130 

100 

135 

104 

139 

98 

133 

101 

133 

100 

131 

104 

0C5B 

Column 

121 

108 

121 

106 

128 

99 

125 

104 

129 

108 

132 

102 

129 

103 

130 

99 

127 

85 

0B5B 

Beam 

122 

106 

123 

105 

130 

104 

128 

104 

133 

104 

135 

100 

130 

101 

129 

101 

ns 

103 

0C5C 

Column 

129 

104 

129 

103 

135 

-- 

132 

— 

136 

147 

155 

__ 

171 

_ 

154 

0B5C 

Beam 

122 

104 

122 

105 

127 

98 

126 

102 

128 

102 

131 

97 

125 

99 

124 

96 

114 

102 

0C4 

Column 

4.5 

7.5 

122 

104 

122 

104 

127 

93 

123 

101 

126 

102 

123 

93 

103 

80 

98 

79 

82 

71 

0B4 

Beam 

111 

102 

110 

102 

116 

96 

110 

98 

114 

97 

112 

86 

113 

102 

102 

91 

86 

90 

oc6 

Column 

6.0 

5.6 

126 

103 

121 

103 

127 

87 

126 

100 

134 

103 

130 

98 

125 

98 

126 

98 

124 

101 

0B6 

Beam 

127 

105 

126 

108 

132 

93 

131 

103 

131 

104 

138 

98 

131 

100 

131 

101 

123 

no 

Admixture  B 


ZC5A 

Column 

5.25 

4-9 

122 

104 

122 

104 

130 

101 

128 

100 

130 

105 

135 

97 

130 

97 

129 

101 

120 

108 

ZB5A 

Beam 

121 

104 

122 

105 

129 

96 

121 

104 

125 

104 

132 

99 

128 

100 

127 

99 

122 

109 

ZC5B 

Column 

119 

Failed 

ZB5B 

Beam 

117 

106 

118 

108 

124 

95 

122 

104 

124 

105 

128 

99 

122 

99 

122 

103 

117 

116 

ZC5C 

Column 

126 

101 

126 

99 

129 

102 

133 

97 

133 

105 

l4l 

96 

138 

95 

143 

88 

138 

— 

ZB5C 

Beam 

116 

104 

116 

105 

123 

101 

115 

105 

120 

104 

122 

97 

117 

102 

117 

100 

112 

100 

ZC4 

Column 

4.5 

4.7 

116 

104 

116 

100 

117 

100 

U7 

81 

118 

84 

126 

__ 

161 

__ 

153 

__ 

125 

ZB4 

Beam 

114 

104 

112 

105 

108 

95 

104 

92 

106 

93 

91 

76 

74 

76 

128 

— 

128 

— 

zc6 

Column 

6.0 

6.0 

117 

105 

118 

105 

124 

99 

124 

103 

120 

106 

127 

100 

122 

100 

121 

99 

117 

105 

ZB6 

Beam 

125 

109 

126 

no 

133 

99 

125 

107 

133 

110 

137 

93 

132 

93 

131 

105 

125 

105 

Resin  Soap  +  CaCl2 


CC5A 

Column 

5.25 

7.8 

99 

105 

99 

106 

102 

95 

101 

97 

102 

101 

102 

99 

100 

99 

98 

100 

94 

108 

CB5A 

Beam 

115 

104 

116 

107 

121 

98 

120 

100 

121 

102 

123 

97 

118 

98 

117 

99 

114 

98 

CC5B 

Column 

127 

105 

126 

104 

126 

92 

131 

96 

135 

101 

136 

95 

127 

97 

130 

98 

122 

102 

CB5B 

Beam 

120 

101 

121 

100 

123 

95 

124 

96 

128 

102 

128 

94 

123 

99 

122 

95 

U8 

99 

CC4 

Column 

4.5 

5.2 

115 

100 

117 

101 

119 

__ 

119 

_ 

123 

__ 

124 

__ 

115 

__ 

117 

_ 

107 

_  _ 

CB4 

Beam 

116 

104 

116 

105 

120 

93 

119 

y 

119 

106 

124 

98 

118 

97 

117 

>• 

no 

X05 

CC6 

Column 

6.0 

6.4 

118 

103 

119 

103 

118 

94 

123 

95 

126 

99 

130 

95 

122 

96 

123 

92 

116 

95 

cb6 

Beam 

121 

104 

122 

105 

125 

97 

121 

96 

126 

103 

130 

98 

121 

100 

12U 

100 

n9 

105 

Without  Admixture 


PB5C 

Beam 

5.25 

1.6 

117 

104 

117 

105 

122 

94 

.120  Returned  to 

laboratory  November  1957 

PC4 

Column 

4.5 

3.3 

121 

104 

119 

105 

120 

89 

111  89  109 

92  Returned  to  laboratory  October  1958 

PB4 

Beam 

111 

102 

106 

102 

96 

91 

78  Returned  to 

laboratory  November  1957 

PB6 

Beam 

6.0 

1.7 

122 

91 

125 

92 

143 

— 

151  —  157  • 

---  Returned  to  laboratory  October  1958 

Resin  Soap 


RC5A 

Column 

5-25 

6.5 

126 

104 

126 

102 

132 

98 

129 

99 

132 

101  135 

97 

128 

106 

128 

101 

122 

105 

RB5A 

Beam 

123 

105 

123 

106 

128 

99 

127  Returned  to  laboratory  November  1957 

RC5A1 

Column 

123 

105 

124 

106 

127 

98 

126 

100 

130 

102  131 

95 

126 

102 

126 

100 

120 

101 

RB5A1 

Beam 

123 

104 

124 

102 

129 

101 

127 

101 

128 

103  133 

96 

128 

97 

128 

98 

122 

100 

RC5B 

Column 

126 

106 

126 

105 

132 

99 

129 

103 

132 

104  Lost  overboard  in 

storm,  Feb  1959 

RB5B 

Beam 

123 

106 

122 

106 

125 

102 

124 

100 

129 

104  Lost  overboard  in 

storm,  Feb  1959 

RC5C 

Column 

122 

106 

122 

106 

128 

101 

125 

101 

125 

102  Lost 

overboard  in 

storm,  Feb  1959 

RB5C 

Beam 

118 

104 

118 

108 

124 

99 

121 

99 

129 

105  126 

99 

121 

101 

119 

101 

116 

106 

RC4 

Column 

*t.5 

7.8 

119 

101 

119 

106 

118 

101 

119 

99 

122 

104  125 

97 

121 

98 

121 

96 

in 

90 

RB4 

Beam 

114 

101 

113 

104 

114 

93 

115 

Returned  to  laboratory  November 

1957 

RC6 

Column 

6.0 

6.5 

117 

99 

117 

104 

121 

94 

120 

96 

124 

100  125 

90 

119 

91 

117 

93 

112 

91 

RB6 

Beam 

125 

100 

126 

105 

131 

93 

128 

99 

132 

104  135 

99 

130 

98 

127 

99 

112 

97 

(Continued) 


--  Dashed  lines  in  "$v  "  column  indicate  that  end  of  specimen  was  too  rough  to  obtain  satisfactory  reading. 
**  These  readings  were  inadvertently  omitted  in  1956. 


(Sheet  3) 


Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles 

1963  1964  1965  1966  1967  1968  1969  1970  1971 

Je  p?  je_  u_  3/ 


Admixture  A 


AC5B 

Column 

5-25 

1-9 

146 

107 

142 

60 

143 

107 

166 

100 

169 

102 

162 

96 

175 

91 

165 

87 

165 

AC5C 

Column 

138 

104 

133 

87 

136 

100 

136 

— 

NStt 

— 

F 

— 

.AB5C 

Beam 

l<*3 

108 

l4o 

100 

140 

103 

140 

96 

135 

103 

135 

93 

140 

92 

127 

87 

109 

AC4 

Column 

**•5 

2.0 

i4e 

102 

147 

- 

l4l 

- 

144 

- 

147 

- 

156 

- 

138 

- 

175 

-- 

172 

AB6 

Beam 

6.0 

1.8 

125 

84 

114 

91 

109 

98 

121 

66 

121 

61 

F 

Paraffin  Oil 


0C5A 

Colvuan 

5-25 

3-9 

117 

39 

115 

95 

113 

105 

115 

113 

— 

113 

__ 

113  - 

111 

108 

0B5A 

Beam 

125 

89 

129 

101 

126 

104 

124 

-- 

124 

-- 

126 

— 

128  — 

130  — 

124 

0C5B 

Column 

124 

90 

132 

— 

143 

-- 

199 

.. 

NR 

-- 

209 

— 

NR 

74  — 

F 

0B5B 

Beam 

123 

106 

121 

105 

123 

108 

125 

93 

123 

100 

123 

99 

125  - 

128  — 

125 

0C5C 

Column 

187 

-- 

193 

— 

199 

— 

199 

-- 

NR 

-- 

254 

— 

NR 

71 

73 

0B5C 

Beam 

91 

108 

89 

— 

87 

-- 

85 

— 

81 

— 

79 

— 

77  — 

74  — 

69 

ocu 

Column 

4.5 

7-5 

80 

_ 

65 

_ 

60 

__ 

F 

0B4 

Beam 

76 

— 

119 

— 

Ft 

oc6 

Column 

6.0 

5.6 

121 

108 

119 

__ 

114 

__ 

116 

.. 

116 

118 

_  _ 

118  - 

131  — 

170 

0B6 

Beam 

122 

112 

ns 

94 

114 

121 

116 

89 

114 

101 

109 

100 

111  — 

116  — 

111 

Admixture  P 


ZC5A 

Column 

5-25 

4.9  124 

107 

122 

97 

118 

112 

116 

98 

116 

105  ns 

__ 

123  - 

123  ” 

ZB  5  A 

Beam 

123 

105 

118 

100 

116 

117 

us 

91 

118 

99  118 

94 

118  - 

US 

ZB5B 

Beam 

115 

80 

113 

101 

118 

115 

us 

95 

118 

104  118 

100 

120  88 

115  80 

ZC5C 

Column 

143 

— 

157 

— 

154 

-- 

160 

— 

NR 

--  160 

166  - 

166  - 

ZB5C 

Beam 

112 

— 

112 

— 

110 

— 

110 

— 

106 

—  108 

— 

108 

106 

(Continued) 


--  Dashed  lines  in  "^v  ’  column  indicate  that  end  of  specimen  was  too  rough  to  obtain  satisfactory  reading, 
t  F  denotes  specimen  has  failed. 

tt  NR  denotes  that  a  satisfactory  reading  was  not  obtained  as  specimen  would  not  respond  to  flexural  vibration.  (Sheet  4) 


(Revised  Jan  1973) 
Table  1-CRA  (Continued; 


Section  25 
Exposure  Rack,  Row  2  (W  to  E) 


Spec¬ 

imen 

No. 

Type 

Specimen 

Cement 
Factor 
(Nominal) 
bags/ 
cu  yd 

Air 

J_ 

2200 

Cycles 

1963 

2135  2IJ9B 

Cycles  Cycles 

1964  1965 

— g&i T" 

Cycles 

19 66 

—vm 

Cycles 

1967 

2969 

Cycles 

1968 

3123 

Cycles 

1969 

- 3576 — 

Cycles 

1970 

- 3^5“ 

Cycles 

1971 

jE  fif 

fid  J£  fid 

<E  ^ 

j£  jvf 

1 

g  fid 

t V2 

fid 

^  fid 

Admixture  B 

(Continued' 

ZC4 

ZB4 

Column 

Beam 

4.5 

4.7 

143  - 

Ft 

173  —  F 

ZC6 

ZB6 

Column 

6.0 

6.0 

115  104 
125  113 

110  103  112  107 
122  96  122  112 

114  92 

153  — 

NR++  98 
150  - 

112  — 

112  — 

117  — 

112 

112 

112  — 

108  — 

110  — 

Resin  Soap  +  CaCl^ 


CC5A 

Column 

5-25 

7-8 

94 

104 

88 

99 

84 

102 

84 

—  78 

..  74  - 

78  — 

60 

62 

CB5A 

Beam 

114 

101 

109 

97 

107 

107 

117 

—  112 

—  110 

no  — 

110 

108 

CC5B 

Column 

125 

99 

120 

— 

120 

-- 

120 

—  120 

-  117  - 

120  — 

120  — 

NR 

CB5B 

Beam 

121 

104 

121 

— 

116 

-- 

119 

—  116 

—  106  — 

108 

99  - 

75 

CC4 

Column 

4.5 

5-2 

101 

_ 

91 

__ 

116 

__ 

200 

NR 

--  F 

CB4 

Beam 

110 

:  ■ 

104 

97 

101 

95 

140 

NR 

—  F 

CC6 

Column 

6.0 

6.4 

115 

92 

106 

__ 

101 

__ 

159 

—  F 

CB6 

Beam 

119 

95 

114 

98 

110 

108 

110 

—  no 

—  100 

102  — 

Failed 

Resin  Soap 


RC5A 

Column 

5.25 

6.5 

122 

98 

119 

96 

119 

90 

122 

86 

119 

90 

114 

95 

119 

84 

114 

80 

114 

.. 

RC5A1 

Column 

119 

106 

118 

100 

115 

108 

116 

— 

116 

116 

-- 

ns 

-- 

116 

-- 

116 

— 

RB5A1 

Beam 

119 

93 

119 

98 

125 

102 

125 

93 

125 

_ 

125 

— 

135 

— 

127 

— 

127 

.. 

RB5C 

Beam 

112 

78 

108 

98 

108 

106 

108 

83 

108 

- 

108 

-- 

113 

-- 

108 

104 

” 

RC4 

Column 

4.5 

7.8 

112 

98 

108 

- 

108 

-- 

103 

-- 

NR 

- 

111 

- 

127 

- 

127 

- 

F 

- 

RC6 

Column 

6.0 

6.5 

no 

92 

103 

_ 

105 

— 

122 

__ 

NR 

143 

__ 

149 

__ 

149 

__ 

F 

__ 

RB6 

Beam 

114 

99 

112 

110 

108 

108 

81 

101 

-- 

86 

-- 

86 

-- 

74 

— 

F 

— 

Tallow 

(Beef) 

TB5C 

Beam 

5.25 

4.0 

114 

86 

112 

-- 

no 

108 

-- 

106 

- 

101 

-- 

103 

- 

103 

- 

99 

- 

TB4 

Beam 

4-5 

3-4 

72 

82 

F 

TB6 

Beam 

6.0 

3.6 

129 

93 

124 

86 

121 

101 

124 

86 

119 

— 

109 

— 

111 

- 

106 

— 

95 

— 

Admixture  C 


DC  5  A 

Column 

5.25 

6.5 

116 

108 

112 

103 

114 

108 

124 

83 

117 

.. 

no 

— 

no 

— 

108 

110  — 

DB5A 

Beam 

116 

102 

112 

104 

107 

105 

112 

98 

n2 

206 

107 

102 

107 

94 

109 

90 

109  — 

DC5B 

Column 

114 

101 

112 

__ 

no 

-- 

125 

— 

117 

— 

105 

— 

110 

-- 

110 

— 

108 

DB5B 

Beam 

113 

106 

111 

104 

111 

112 

109 

98 

107 

98 

107 

94 

109 

— 

107 

-- 

105  — 

DC5C 

Column 

117 

104 

115 

97 

115 

105 

115 

-- 

115 

— 

10« 

-- 

103 

— 

94 

— 

83  - 

DB5C 

Beam 

no 

82 

108 

93 

101 

no 

107 

92 

105 

93 

103 

90 

101 

-- 

96 

-- 

122  - 

DC  4 

Column 

4.5 

8.1 

84 

__ 

68 

.. 

74 

~ 

F 

DB4 

Beam 

81 

93 

66 

70 

67 

F 

DC6 

Column 

6.0 

6.1 

118 

92 

114 

-- 

no 

.. 

112 

.. 

n2 

__ 

107 

109 

__ 

111 

113 

DB6 

Beam 

124 

73 

119 

— 

115 

-- 

115 

— 

111 

— 

106 

— 

106 

-- 

104 

— 

104 

Admixture  D 


HC5A 

Column 

5.25 

8.0 

120 

109 

116 

63 

114 

108 

114 

91 

114 

104 

107 

102 

107 

93 

105 

__ 

106 

HB5A 

Beam 

124 

no 

120 

95 

118 

105 

120 

92 

115 

105 

120 

101 

120 

95 

120 

__ 

118 

HC5B 

Column 

121 

105 

121 

100 

118 

103 

121 

94 

121 

101 

117 

90 

118 

123 

__ 

123 

IIB5B 

Beam 

120 

114 

117 

102 

113 

116 

114 

94 

114 

.. 

124 

121 

_ 

119 

__ 

U5 

HC5C 

Column 

126 

95 

126 

119 

-- 

124 

NR 

-- 

134 

-- 

131 

_ 

131 

NR 

HB5C 

Beam 

116 

105 

109 

: 

109 

117 

109 

97 

109 

102 

104 

93 

109 

— 

109 

- 

83 

HC4 

Column 

4.5 

9.4 

101 

96 

91 

- 

87 

- 

89 

- 

NR 

F 

- 

hc6 

Column 

6.0 

6.0 

128 

103 

190 

104 

98 

107 

100 

89 

100 

98 

98 

101 

100 

87 

98 

84 

98 

HB6 

Beam 

121 

108 

119 

96 

117 

111 

117 

83 

117 

99 

no 

98 

110 

105 

— 

L02 

--  Dashed  lines  in  "^V2"  column  indicate  that  end  of  specimen  was  too  rough  to  obtain  satisfactory  reading, 
t  F  denotes  specimen  has  failed. 

tt  NR  denotes  a  satisfactory  reading  was  not  obtained  as  specimen  would  not  respond  to  flexural  vibration. 


(Sheet  r  ) 


(Revised  August  1977) 
Table  1-CRA  (Continued) 


Section  25 
Exposure  Rack,  Row  2  (W  to  E) 


Spec¬ 

imen 

No. 


Cement 
Factor 
(Nominal ) 
Type  bags/ 

Specimen  cu  yd 


1972- 

Readings 

3602 

3742 

5575 

3990 

4136 

4213 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1972 

1?T3  ■ 

_ i214 _ 

_ 1215 _ 

_ 

1977 

Jvf  _gE  _gE  Jvf^  <E  jtV2  to  Jvf  to  tv2 


Admixture  A 


AC5B 

Column 

5.25 

1.9 

159 

— 

244 

_ 

172 

_ 

179 

163 

-  166 

AB5C 

Beam 

93 

— 

143 

— 

128 

— 

Gone 

AC4 

Column 

4.5 

2.0 

165 

- 

171 

- 

272 

— 

Failed 

Paraffin 

Oil 

0C5A 

Column 

5.25 

3.9 

101 

— 

94 

_ 

96 

_ 

96  - 

Gone 

0B5A 

Beam 

120 

— 

119 

— 

117 

— 

112 

119 

101 

0C5B 

Column 

Ft 

— 

0B5B 

Beam 

120 

— 

147 

— 

186 

— 

Failed 

0C5C 

Column 

79 

— 

72 

— 

NR 

— 

Gone 

0B5C 

Beam 

62 

— 

58 

— 

52 

— 

51  — 

Gone 

0C6 

Column 

6.0 

5.6 

164 

_ 

155 

_ 

NR 

_ 

Gone 

0B6 

Beam 

111 

— 

102 

“ 

100 

— 

Failed 

Admixture  B 

ZC5A 

Column 

5.25 

4.9 

121 

__ 

121 

__ 

119 

__ 

114 

Failed 

ZB5A 

Beam 

104 

— 

176 

_ 

NR 

_ 

Gone 

ZB5B 

Beam 

85 

— 

91 

_ 

172 

_ 

Failed 

ZC5C 

Column 

100 

— 

215 

_ 

215 

— 

Failed 

ZB5C 

Beam 

184 

— 

102 

“ 

209 

— 

Failed 

ZC6 

Column 

6.0 

6.0 

91 

_ 

126 

_ 

95 

_ 

75 

Gone 

ZB 6 

112 

— 

112 

— 

78 

— 

114 

82 

—  Failed 

Resin  Soap  +  CaClg 


CC5A 

Column 

5.25 

7.8 

F 

-- 

Gone 

CB5A 

Beam 

85 

— 

62 

— 

NR 

— 

Gone 

CC5B 

Column 

F 

— 

CB5B 

Beam 

F 

— 

Resin  Soap 

RC5A 

Column 

5.25 

6.5 

116 

116 

_ 

111 

_ 

113 

_ 

Gone 

RC5A1 

Column 

114 

-- 

119 

— 

NR 

— 

Gone 

RB5A1 

Beam 

122 

— 

120 

— 

120 

— 

122 

— 

Gone 

RB5C 

Beam 

97 

— 

88 

— 

119 

— 

119 

— 

117 

" 

108 

— 

Tallow 

(Beef) 

TB5C 

Beam 

5.25 

4.0 

F 

- 

TB6 

Beam 

6.0 

3.6 

83 

- 

NR 

— 

F 

— 

Admixture  C 

DC  5  A 

Column 

5.25 

6.5 

105 

— 

105 

_ 

96 

_ 

87 

ns 

_ 

135 

— 

DB5A 

Beam 

107 

— 

112 

_ 

105 

— 

105 

_ 

78 

— 

98 

— 

DC5B 

Column 

106 

-- 

92 

_ 

182 

_ 

182 

_ 

Gone 

DB5B 

Beam 

96 

-- 

92 

_ 

132 

_ 

Failed 

DC5C 

Column 

F 

— 

DB5C 

Beam 

72 

— 

F 

DC6 

Column 

6.0 

6.1 

88 

122 

__ 

153 

,, 

Failed 

DB6 

Beam 

95 

80 

" 

157 

— 

Gone 

Admixture  D 

HC5A 

Column 

5.25 

8.0 

105 

.. 

94 

_ 

103 

_ 

99 

95 

__ 

130 

.. 

HB5A 

Beam 

116 

-- 

114 

— 

114 

— 

112 

_ 

79 

-- 

79 

— 

HC5B 

Column 

120 

— 

128 

— 

123 

— 

118 

_ 

133 

— 

78 

— 

HB5B 

Beam 

117 

— 

124 

_ 

114 

— 

116 

__ 

114 

— 

126 

— 

HC5C 

Column 

252 

— 

252 

_ 

234 

— 

Failed 

HB5C 

Beam 

79 

68 

— 

NR 

" 

Gone 

HC6 

Column 

6.0 

6.0 

95 

.. 

98 

__ 

96 

_ 

90 

116 

__ 

116 

.. 

HB6 

Beam 

96 

— 

138 

— 

90 

— 

90 

— 

67 

— 

Failed 

—  Dashed  lines  in  "to2"  column  indicate  that  end  of  specimen  was  too  rough  to  obtain  satisfactory  reading. 

t  F  denotes  specimen  has  failed. 

NR  Denotes  no  reading  obtained. 


(Sheet  6) 


(Revised  Aug  1965) 


Section  2 6 


Omaha  District  Aggregate  Program 


1996  installation 

In  December  1956,  six  concrete  beams  ( 6  by  6  by  30  in.)  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack  to  provide  field  durability  data 
on  concrete  specimens  fabricated  as  a  part  of  the  Omaha  District,  CE, 
Aggregate  Program.  This  installation  was  made  up  of  two  series  of  beams, 
one  containing  the  aggregate  and  cement  combinations  being  used  for  con¬ 
crete  for  the  Oahe  Dam.,  and  the  other  containing  a  sand-gravel  with  a  lime¬ 
stone  addition,  typical  of  limestone-sweetened  concrete  in  the  Lincoln- 
Omaha  area. 

Table  1-OD  lists  these  specimens  and  gives  their  exposure  record 
along  with  pertinent  mixture  data. 

Companion  specimens  (3-l/2  by  4-1/2  by  1 6  in.)  to  these  Treat  Island 
exposure  specimens  were  subjected  to  laboratory  freezing-and- thawing  tests 
in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  results  of 
these  laboratory  tests  are  given  below: 


Average  $E  at  300  Cycles 

Mixture  No.  of  Specimens  Tested  of  Freezing-and- Thawing 

Oahe  9  beams  86 

Sand-gravel  9  beams  53 

1964  installation 

In  November  1964,  three  concrete  beams  ( 6  by  6  by  30  in.)  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack  as  a  part  of  the  Omaha  District, 
CE,  Aggregate  Program.  These  beams  were  representative  of  concrete  and 
materials  used  in  Big  Bend  Dam. 

Table  2-OD  lists  these  specimens  and  gives  their  exposure  record 
along  with  pertinent  mixture  data. 


(Revised  August  1977) 


Section  26 


Record  of  Testing  of  Concrete  Beams,  Omaha  District  Aggregate  Program 


1956- _ (Installed  December  1936) 


Exposure  Hack,  How  2  (W  to  E) 


Beam 

Fine 

Aggre- 

Coarse 

Aggre- 

Type 

Air 

Cement 
Factor 
bags  / 

0 

Cycles 

1956 

124  Cycles. 
Pulse 

1251 

195 

Cycles 

1958 

345 

Cycles 

1959 

416 

Cycles 

i960 

“T57 - 

Cycles 

1961 

646 

Cycles 

1962 

fid 

fid 

fid 

fid 

fid 

js  fid 

No. 

gate 

gate 

Cement 

J_ 

cu  yd 

He 

JE 

fp8 

JE 

J| 

JE 

JE 

Oahe-l 

Natural 

Limestone 

11, 

6.1 

5-32 

100 

ll6 

15,245 

100 

117 

108 

123 

98 

121 

100 

121 

102 

115  105 

Oahe-2 

sand 

A* 

low- 

6.7 

5.29 

100 

no 

14,880 

100 

116 

109 

122 

101 

120 

105 

119 

108 

113  112 

Oahe-3 

a  lk 

6.6 

5-30 

100 

in 

15,245 

100 

116 

106 

123 

98 

119 

102 

u8 

108 

113  113 

S-G-l 

Sand- 

Limestone 

I 

7.1 

5.81 

100 

106 

15,430 

100 

108 

107 

113 

103 

no 

103 

106 

105 

90  104 

S-G-2 

gravel 

B** 

6.4 

5.86 

100 

103 

15,530 

100 

106 

105 

in 

101 

102 

98 

74 

93 

Ft  — 

S-G-3 

6.3 

5.86 

100 

104 

15,625 

100 

108 

105 

11k 

101 

in 

102 

103 

101 

79  -- 

— 755 — 

- 887 - 

— IB5B 

ms 

133 r- 

- 1521 — 

1675 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

_ 1263 _ 

1964 

1965 

1966 

1967 

1968 

1969 

fE  |yf 

JE 

fid 

JE 

fid 

je  fid 

fid 

je  fid 

il  fid 

•3  Oahe-l 

Natural 

Limestone 

ii,  6.1 

5.32 

116  100 

114 

105 

109 

ni 

in  103 

109  106 

107  98 

107  92 

Oahe-2 

sand 

A* 

low-  6.7 

5.29 

114  118 

112 

no 

107 

112 

109  102 

104  109 

106  100 

108  95 

Oahe-3 

alk  6.6 

5.30 

113  108 

108 

100 

105 

94 

106  101 

104  104 

102  101 

104  95 

S-G-l 

Sand- 

Limestone 

1  7.1 

5.81 

41F  61 

S-G-3 

gravel 

B** 

6.3 

5.86 

F 

1970- 

1976  Readings 

~ IB5B 

1997 

2154 

2294 

2430 

2542 

2608 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1970 

1971 

1972 

1973 

1975 

1976 

is 

j£  fi£ 

JE 

fid 

|E  fid 

fid 

fid 

iE  fid 

Oahe-l 

Natural 

Limestone 

11,  6.1 

5.32 

105  90 

103 

74 

101 

82 

95  94 

85  94 

83  113 

91  96 

Oahe-2 

sand 

A* 

low-  6.7 

5.29 

103  94 

103 

78 

96 

82 

98  87 

84  95 

82  114 

82  86 

Oahe-3 

alk  6.6 

5.30 

100  93 

100 

74 

96 

79 

98  93 

82  93 

82  115 

80  88 

1* 

~ 2755 — 

1?77- 

Readings 

Cycles 

1977 

is  fid 

Oahe-l 

Natural 

Limestone 

IX,  6.1 

5.32 

95  92 

Oahe-2 

sand 

A* 

low-  6.7 

5.29 

76  92 

^  Oahe-3 

alk  6.6 

5.30 

90  78 

--  End  of  specimen  too  rough  to  obtain  satisfactory  reading. 

*  Maximum  size  aggregate  =  l-l/2  in.;  slump  for  this  mix  =  2-3/4  to  3  in. 
**  Maximum  size  aggregate  =  1  in. ;  slump  for  this  mix  *  2  in. 
t  F  denotes  specimen  has  failed. 
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(Revised  Jan  1972) 
Table  2-OD 


Section  26 


Record  of  Testing  of  Concrete  Beams,  Omaha  District  Aggregate  Program 
1964-  (Installed  November  1964) 

_ _ _ Exposure  Rack,  Row  2  (W  to  E) 

0  Cycles  163  Cycles 


Beam 

No. 

Fine 

Aggregate 

Coarse 

Aggregate 

Type 

Cement 

Air 

J_ 

Cement 
Factor 
bags/cu  yd 

JE_ 

1964 

Pulse  Vel 
fps 

JE_ 

1965 

tL 

Big  Bend-1 

Natural 

Quartzite* 

II,  low 

5-9 

5.U8 

100 

15,195 

100 

102 

99 

sand 

alkali  (C-^A 

Big  Bend-2 

content  J 

5.8 

5.48 

100 

15,195 

100 

103 

101 

less  than 

Big  Bend-3 

6*) 

6.2 

5.46 

100 

15,100 

100 

103 

101 

293  Cycles 

449 

Cycles 

634  Cycles 

1966 

_ 1967 

1968 

jvf 

£e_ 

tL 

ft  ft2 

Big  Bend-1  Natural 

Quartzite*  II,  low 

5.9 

5.48 

106 

104 

102 

110 

53  66 

sand 

alkali  (C.A 

Big  Bend-2 

content  J 

5.8 

5.48 

106 

103 

104 

107 

63  58 

less  than 

Big  Bend- 3 

6 1) 

6.2 

5.46 

104 

103 

103 

108 

70  87 

788 

Cycles 

1969 

941 

Cycles 

1970 

1110 

Cycles 

1971 

ft  ft2 

ft  ft2 

3E_  Jvf 

Big  Bend-1 

Natural 

Quartzite*  II,  low 

5.9 

5.48 

53 

4l 

28f+ 

39 

F 

— 

sand 

alkali  (C.A 

Big  Bend -2 

content  ^ 

5-8 

5.48 

57 

30 

Ft 

— 

less  than 

Big  Bend -3 

61) 

6.2 

5.46 

67 

4l 

NR 

38 

F 

— 

*  Maximum  size  aggregate,  1-1/?  in.;  slump  for  this  mix,  2-1/4  to  2-1/2  in.;  water  cement  ratio,  4.93  gal/>ag. 
t  F  denotes  specimen  has  failed. 

NR  A  satisfactory  reading  was  not  obtained  although  an  attempt  was  made  to  obtain  one. 
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Section  27 


Kansas  City  District  Aggregate  Program 


1958  installation 

In  January  1958,  eighteen  concrete  beams  (6  by  6  by  30  in.)  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack  to  provide  field  durability  data 
on  concrete  specimens  containing  certain  aggregate  materials  commercially 
produced  in  the  Kansas  City  District,  CE.  This  installation  is  a  part  of 
an  aggregate  program  being  conducted  by  the  Kansas  City  District.  The 
concrete  beams  represented  six  different  combinations  of  fine  and  coarse 
aggregate  (3  beams  per  combination).  All  concrete  mixtures  contained  type 
II  low-alkali  cement  and  an  air-entraining  admixture,  and  were  designed  to 
have  a  water-cement  ratio  of  5*0  gal  per  bag,  a  slump  of  2  to  3  in.,  an  air 
content  of  4  to  Tf>,  and  a  maximum  aggregate  size  of  l-l/2  in. 

Table  1-KCD  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

Companion  specimens  (3-l/2  by  k-l/2  by  l6  in.)  to  these  Treat  Island 
exposure  specimens  were  subjected  to  laboratory  freezing-and-thawing  tests 
in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  results  of 
these  laboratory  tests  are  given  below: 

Mixture  Average  $E  at 

No.  No.  of  Beams  Tested  300  Cycles  of  Freezing-and-thawing 


1 

2 

3 

4 

5 

6 


9 

9 

9 

9 

9 

9 


29 

31 

9 

25 

59 

73 


1959  installation 

In  May  1959*  eighteen  concrete  beams  (6  by  6  by  30  in. )  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack;  this  installation  is  a  part  of 
the  Kansas  City  District  aggregate  program.  The  concrete  beams  represented 
six  different  aggregate  combinations  of  fine  and  coarse  aggregate  (3  beams 
per  combination).  All  concrete  mixtures  contained  type  II  cement  and  an 
air-entraining  admixture,  and  were  designed  to  have  a  water-cement  ratio 
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of  5.0  gal  per  bag,  a  slump  of  2  to  3  in.,  an  air  content  of  4  to  7$,  and  a 

maximum  aggregate  size  of  l-l/2  in. 

Table  2-KCD  lists  these  specimens  and  gives  their  exposure  record 

along  with  other  pertinent  information. 

Companion  specimens  (3-l/2  by  4-l/2  by  16  in.)  to  these  Treat  Island 

exposure  specimens  were  subjected  to  laboratory  freezing-ani-thawing  tests 

in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  results  of 

these  laboratory  tests  are  given  below: 

Mixture  Average  at 

No.  No.  of  Beams  Tested  300  Cycles  of  Freezing-and -Thawing 

7  9  29 

89  68 

9  9  25 

10  9  40 

11  9  28 

12  9  3 

1962  installation 


In  November  1962,  nine  concrete  beams  (6  by  6  by  30  in.)  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack;  this  installation  is  a  part  of 
the  Kansas  City  District  aggregate  program.  The  concrete  beams  represented 
three  different  concrete  mixtures  (three  beams  per  mixture).  All  concrete 
mixtures  contained  type  II  low-alkali  cement  and  an  air -entraining  admix¬ 
ture,  and  were  designed  to  have  a  water-cement  ratio  of  5-0  gal  per  bag,  a 
slump  of  2  to  3  in.,  an  air  content  of  4  to  7$>  and  a  maximum  aggregate 
size  of  l-l/2  in. 

Table  3-KCD  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

Companion  specimens  (3-l/2  by  4-l/2  by  16  in.)  to  these  Treat  Island 
exposure  specimens  were  subjected  to  laboratory  freezing-and-thawing  tests 
in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  results  of 
these  laboratory  tests  are  given  below: 

Mixture  Average  #E  at 

No.  No.  of  Beams  Tested  300  Cycles  of  Freezing-and -Thawing 


*  Specimens  had  14  days  of  curing  before  start  of  test. 
**  Specimens  had  28  days  of  curing  before  start  of  test. 
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Section  27 


In  December  1963*  nine  concrete  beams  (6  by  6  x  30  in.)  were  in¬ 
stalled  on  the  Treat  Island  exposure  rack;  this  installation  is  a  part  of 
the  Kansas  City  District  aggregate  program.  The  concrete  beams  represented 
three  concrete  mixtures  (three  beams  per  mixture).  All  concrete  mixtures 
contained  type  II  cement  and  an  air-entraining  admixture  and  were  designed 
to  have  a  cement  factor  of  approximately  6  bags  per  cu  yd,  a  slump  of  2  to 
3  in.,  and  an  air  content  of  approximately  4-l/2  percent.  The  maximum  ag¬ 
gregate  size  was  l-l/2  in.  in  two  of  the  mixes  and  3A  in*  in  the  other 
(mixture  17).  One  mixture  (mixture  l6)  contained  a  cement -replacement  mate¬ 
rial  in  addition  to  the  type  II  cement. 

Table  4-KCD  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

Companion  specimens  (3-l/2  by  4-l/2  by  l6  in.)  to  the  Treat  Island 
exposure  specimens  were  subjected  to  laboratory  freezing-and-thawing  tests 
in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  results  of  the 
laboratory  tests  are  given  below: 


No.  of 

Avg  $E  at 

Mixture 

Beams 

300  Cycles  of 

No. 

Tested 

Freezing-and-Thawing 

16* 

9 

55 

17** 

9 

3 

18** 

9 

55 

*  Specimens  had  28  days  curing  in  saturated  lime- 
water  before  start  of  test. 

**  Specimens  had  14  days  curing  in  saturated  lime- 
water  before  start  of  test. 

1969  installation 

In  May  1969j  three  concrete  beamst  (6  by  6  by  30  in.)  were  installed 
on  the  Treat  Island  exposure  rack;  this  installation  is  a  part  of  the 

t  These  beams  had  28  days  curing  in  saturated  limewater  before  exposure. 

o 
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Kansas  City  District  aggregate  program.  The  concrete  beams  represented 
three  concrete  batches  (one  beam  per  batch)  of  one  concrete  mixture.  The 
concrete  mixture  was  air-entrained  and  contained  type  II  low-alkali  portland 
cement  and  a  cement -replacement  material  (20$  by  absolute  volume).  The  mix¬ 
ture  was  designed  to  have  a  theoretical  cement  factor  of  5*76  bags  per 
cu  yd,  a  slump  of  2-l/2  in.,  and  an  air  content  of  4.7  to  5*0  percent.  The 
maximum  aggregate  size  (crushed  limestone)  was  l-l/2  in. 

Table  5-KCD  lists  these  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

Companion  specimens  (3-l/2  by  4-l/2  by  16  in.)  to  the  Treat  Island 
exposure  specimens  were  subjected  to  laboratory  freezing-and-thawing  tests 
in  the  Missouri  River  Division  Laboratory,  Omaha,  Nebr.  The  results  of  the 
laboratory  tests  are  given  below: 


Mixture 

No. 

Batch 

No. 

No.  of 

Beams 

Tested 

Avg  $E  After 

300  Cycles  of 
Freezing-and-Thawing 

19 

1 

3* 

6l 

19 

2 

2* 

64 

19 

3 

3* 

65 

*  These  beams  had  90  days  of  water  curing  prior  to  start 
of  the  laboratory  freezing-and-thawing  test. 

1974  installation 

In  July  1974,  six  concrete  beams  (6  by  6  by  30  in.)  were  installed 
on  the  Treat  Island  exposure  rack;  this  installation  is  a  part  of  the 
Kansas  City  District  aggregate  program.  The  concrete  beams  represented 
two  concrete  mixtures  (three  beams  per  mixture).  The  concrete  mixtures 
(20  and  21 )  contained  type  II  cement  and  an  air-entraining  admixture  and 
were  designed  to  have  cement  factors  of  approximately  5.3  and  5.7  bags 
per  cu  yd,  slumps  of  2-1/2  and  2  in. ,  and  air  contents  of  5  and  4.5  per¬ 
cent.  Maximum  aggregate  sizes  were  1-1/2  in.  Mixture  20  contained  a 
cement-replacement  material. 
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Tables  6-  and  7-KCD  list  these  specimens  and  give  their  exposure 
record  along  with  other  pertinent  data. 

Companion  specimens  (3-1/2  by  k-1/2  by  16  in.)  were  subjected  to 
laboratory  freezing-and-thawing  tests  in  the  Missouri  River  Division 
Laboratory,  Omaha,  Nebr.  The  results  of  these  tests  are  given  below: 


No.  of 

Mixture  Beams 

No.  Tested 


Avg  %E  at 
300  Cycles  of 
Freezing-and-Thawing 


20* 


9 


6k 


21** 


9 


35 


*  Specimens  were  90  days  old  when  freezing-and-thawing 
cycles  started. 

**  Specimens  were  lU  days  old  when  freezing-and-thawing 
cycles  started. 


(Revised  Jan  1972) 

Table  1-KCD 

Mixture  Data  and  Record  of  Testing  of  Concrete  Beams,  Kansas  City  District  . 

1957- _ (Installed  January  1958) 


Exposure  Rack,  Row  2  (W  to  E) 


(Revised  August  1977) 
Table  1-KCD  (Continued) 


>sure  Rack 


1972-  Readings 


Cement 

2142 

2613 

Mix- 

Factor 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Beam 

Fine 

Coarse 

bags/ 

1972 

1973 

1971. 

19 

76 

1977 

No. 

No. 

Aggregate 

Aggregate 

cu  yd 

Jz  it 

Jtt  it 

jw2  &  is? 

Ie  it 

&  ivf 

KC-5-1 

5 

Sand  B 

Limestone 

5.16 

96 

66 

98 

79 

94 

82 

88 

70 

92 

$ 

84 

KC-5-2 

D 

5.14 

NRt 

79 

88 

87 

88 

81 

84 

66 

78 

♦ 

76 

KC-5-3 

5.15 

74 

65 

93 

83 

93 

90 

93 

107 

85 

♦ 

81 

KC-6-1 

6 

Sand  C 

Limestone 

5.84 

95 

87 

101 

94 

93 

98 

97 

121 

89 

96 

89  91 

KC-6-2 

D 

5-83 

89 

78 

91 

90 

89 

93 

89 

75 

85 

94 

85  80 

KC-6-3 

5.81 

96 

79 

96 

98 

92 

93 

90 

77 

88 

85 

86  92 

t  NR  denotes  a  satisfactory  reading  was  not  obtained  as  specimen  would  not  respond  to  flexural  vibration. 
♦  Bid  of  specimen  to''  rough  to  obtain  reading.  Jv2  data  discontinued. 


(Sheet  2) 
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Table  3-KCD  Section  27 

Mixture  Data  and  Record  of  Testing  of  Concrete  Beams,  Kansas  City  District  Aggregate  Program 
1962- _ (Installed  November  1962) 


_  _ Exposure  Rack,  Row  2  (w  to  E) 

19&-I967  Readings 


Cement 

Cement 

0  Cycles.  1962 

106 

Cycles 

1963 

m — 

Cycles 

1964 

Uo4 — 

Cycles 

1965 

— 535— 

Cycles 

1966 

590” 

Cycles 

1967 

Beam 

No. 

Mix¬ 

ture 

No. 

Fine 

Aggregate 

Coarse 

Ag^re^ate 

Replace¬ 

ment 

Material 

Factor 
bags/ 
cu  yd 

Pulse 

Veloc 

fps 

_|E 

fid 

2L. 

fid 

|E_ 

12 

£e_ 

12 

JE_ 

fir 

&_ 

94 

104 

KC-13-1 

13 

Sand  E 

Limestone 

None 

5.47 

100 

15,150 

100 

117 

101 

102 

100 

102 

110 

100 

101 

KC-13-2 

F 

5.44 

100 

14,795 

100 

103 

102 

103 

105 

104 

116 

100 

100 

100 

105 

KC-13-3 

5.46 

100 

15,150 

100 

103 

102 

103 

99 

101 

112 

99 

95 

93 

104 

KC-14-1 

l4 

Sand  E 

Limestone 

Fly  ash* 

5.13 

100 

14,535 

100 

102 

104 

102 

104 

103 

130 

101 

98 

101 

105 

KC-14-2 

F 

5.16 

100 

14,705 

100 

104 

100 

104 

107 

102 

116 

104 

101 

102 

102 

KC-14-3 

5.13 

100 

14,535 

100 

104 

105 

102 

102 

100 

109 

98 

98 

98 

106 

KC-15-1 

15 

Sand  E 

Limestone 

None 

5.37 

100 

15,060 

100 

103 

98 

101 

95 

99 

90 

99 

93 

95 

95 

KC-15-2 

C 

5.36 

100 

15,060 

100 

102 

105 

101 

95 

97 

101 

99 

93 

91 

95 

Kc-15-3 

5.38 

100 

15,150 

100 

103 

104 

101 

95 

100 

100 

100 

86 

100 

92 

1968-1973  Readings 

875 

1029 

IIo2 

1351 

1508 

1658 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1968 

1969 

1970 

1971 

1972 

1973 

te  tv2 

1£  tV2 

*E  ItV2 

<e  jvf 

KC-13-1 

13 

Sand  E 

Limestone 

None 

5.47 

98 

100 

98 

94 

96 

90 

94 

75 

82 

87 

88 

101 

KC-13-2 

F 

5.44 

97 

104 

100 

98 

96 

95 

95 

86 

92 

93 

90 

106 

KC-13-3 

5.46 

97 

100 

99 

94 

97 

90 

96 

75 

89 

75 

93 

87 

KC-14-1 

14 

Sand  E 

Limestone 

Fly  ash* 

5.13 

101 

107 

99 

102 

97 

99 

97 

74 

101 

86 

101 

88 

KC-14-2 

F 

5.16 

102 

105 

102 

99 

102 

97 

101 

72 

89 

96 

106 

80 

KC-14-3 

5.13 

100 

105 

98 

99 

98 

95 

106 

68 

100 

— 

122 

86 

KC-15-1 

15 

Sand  E 

Limestone 

None 

5.37 

93 

90 

91 

87 

93 

84 

101 

56 

103 

77 

76 

81 

KC-15-2 

C 

5.36 

80 

85 

80 

76 

84 

75 

P** 

KC-15-3 

5.38 

84 

81 

84 

70 

82 

68 

85 

-- 

84 

— 

F 

F 

1974 

Readings 

1781* 

1896 

2042 

2119 

Cycles 

Cycles 

Cycles 

Cycles 

1974 

1975 

1976 

1977 

fid 

U  flv2  U  flv2 

KC-13-1 

13 

Sand  E 

Limestone 

None 

5.47 

82 

101 

84 

116 

84 

96 

82  86 

KC-13-2 

F 

5.44 

88 

104 

84 

122 

88 

98 

84  90 

KC-13-3 

5.46 

91 

82 

85 

123 

87 

90 

87  92 

KC-14-1 

14 

Sand  E 

Limestone 

Fly  ash* 

5.13 

68 

85 

50 

65 

NR 

NR 

Failed 

KC-14-2 

F 

5.16 

100 

82 

71 

101 

67 

NR 

Failed 

KC-14-3 

5.13 

113 

80 

Failed 

KC-15-1 

15 

Sand  E 

Limestone 

C 

None 

5.37 

63 

76 

Failed 

*  Fly  ash  content,  25  percent  replacement  by  volume. 

**  F  denotes  specimen  has  failed. 

--  Dashed  lines  in  "^V2"  indicate  that  end  of  specimen  was  too  rough  to  obtain  satisfactory  reading. 
NR  Denotes  no  satisfactory  reading  was  obtained. 
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Table  4-KCD 


Mixture  Data  and  Record  of  Testing  of  Concrete  Beams,  Kansas  City  District  Aggregate  Program 
1963- _ (Installed  December  1963) 


Exposure  Rack,  Row  2  (W  to  E) 
1963-1967  Readings" 


Replace - 


Cement 

Factor 


0  Cycles,  1963 
Pulse 


bi¬ 

cycles 


"28 14- 
Cycles 


"TlH 

Cycles 


570 

Cycles 


Beam 

No. 

ture 

No. 

Cement 

ment 

Material 

Fine 

Aggregate 

Coarse 

Aggregate 

bags/ 
cu  yd 

Veloc 

fps 

fid 

<E 

fid 

9- 

fid 

_1E 

S  I 

1z 

Kc-16-1 

16 

A 

Fly  ash* ** 

Sand  E 

Limestone 

6.25 

100 

14,535 

100 

101 

105 

10I 

98 

106 

104 

106 

122 

Ko-16-2 

F 

6.27 

100 

1*1,705 

100 

101 

105 

105 

95 

103 

105 

103 

114 

KC-16-3 

6.26 

100 

11,620 

100 

103 

105 

lol 

101 

100 

106 

100 

114 

KC-17-1 

17 

B 

None 

Sand  F 

Gravel  B 

6.00 

100 

11,205 

100 

101 

108 

78 

92 

65 

38 

F 

KC-17-2 

6.02 

100 

H,535 

100 

103 

109 

7l 

82 

F 

KC-17-3 

6.00 

100 

11,125 

100 

103 

no 

19F*»  77 

KC-18-1 

18 

C 

None 

Sand  G 

Quartzite 

5.73 

100 

11,705 

100 

102 

107 

100 

100 

102 

ill 

102 

117 

KC-18-2 

5.77 

100 

15,150 

100 

102 

102 

102 

98 

104 

109 

106 

113 

KC-18-3 

5.74 

100 

15,060 

100 

102 

100 

104 

98 

104 

108 

101 

115 

1968-1973 

Readings 

755 

909 

1062 

1231 

1388 

1528 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1968 

1969 

1970 

1971 

1972 

1973 

£ 

2L 

JE_ 

£ 

<E  Jvf 

jte_ 

fid 

<E  iv2 

KC-16-1 

16 

A 

Fly  ash*  Sand  E 

Limestone 

6.25 

104 

114 

108 

107 

106 

104 

108  87 

104 

95 

100  99 

KC-16-2 

F 

6.27 

107 

110 

109 

105 

109 

100 

107  84 

105 

88 

107  93 

KC-16-3 

6.26 

104 

ill 

108 

105 

106 

101 

NR+  88 

108 

95 

104  88 

KC-18-1 

18 

C 

None  Sand  G 

Quartzite 

5.73 

102 

116 

106 

107 

106 

105 

104  84 

IOO 

84 

98  80 

KC-18-2 

5.77 

102 

109 

104 

104 

108 

102 

106  85 

104 

87 

92  88 

KC-18-3 

5.74 

104 

109 

106 

99 

110 

108 

107  81 

83 

90 

100  76 

19T4- 

Readings 

b65 

1776 

1922 

1999 

Cycles 

Cycles 

Cycles 

Cycles 

1974 

1975 

1976 

i?77 

*E- 

ad 

M- 

fid 

iL 

iv? 

KC-16-1 

16 

A 

Fly  ash*  Sand  E 

Limestone 

6.25 

98 

106 

98 

137 

94 

79 

90  96 

KC-16-2 

F 

6.27 

109 

65 

109 

130 

105 

100 

109  100 

KC-16-3 

6.26 

104 

68 

104 

125 

io4 

90 

104  NR 

KC-18-1 

18 

C 

None  Sand  G 

Quartzite 

5.73 

102 

106 

102 

82 

82 

93 

100  NR 

KC-18-2 

5.77 

614 

65 

Failed 

KC-18-3 

5.74 

92 

68 

80 

72 

176 

NR 

Failed 

*  Fly  ash  content,  25  percent  replacement  by  volume. 

**  f  denotes  specimen  has  failed. 

t  NR  denotes  satisfactory  reading  was  not  obtained  as  specimen  would  not  respond  to  flexural  vibration. 


r 


(Revised  August  1977) 

Table  5-KCD  Section  27 

Mixture  Data  and  Record  of  Testing  of  Concrete  Beams,  Kansas  City  District  Aggregate  Program 
1969- _ (installed  May  1969) 


Avg** 

1969-1972  Readings 

28-day 

Compres- 

Initial  Laboratory 
Readings,  1969 

0 

Cycles 

1969 

153 

322 

479 

Beam 

No. 

Mix¬ 

ture 

No. 

Batch 

No.* 

Air 

Content 
*  . 

sive 

Strength 

psi 

Pulse 

1970 

1971 

1972 

Aggregates 

JE 

fps 

fid 

JS  fid 

is  tv2 

is  iv2 

<E  iv2 

KC-19-1 

19 

1 

Crushed  limestone 
1-1/2  in.  max 

4.9 

3360 

100 

14,620 

100 

101  100 

93  97 

88  84 

83  92 

KC-19-2 

19 

2 

Crushed  limestone 
1-1/2  in.  max 

5.0 

3360 

100 

14,620 

100 

100  100 

90  98 

87  84 

83  91 

KC-19-3 

19 

3 

Crushed  limestone 
1-1/2  in.  max 

4.7 

3640 

100 

14,620 

100 

106  101 

90  98 

90  85 

88  92 

1973-  .. 

Readings 

619  755 

Cycles  Cycles 
1973  1974 

867 

Cycles 

1975 

1013 

Cycles 

1976 

1090 

Cycles 

1977 

%E 

i tv2  *E 

id 

&  fid 

|e  ^ 

je  id 

KC-19-1 

19 

1 

Crushed  limestone 
1-1/2  in.  max 

M 

3360 

83 

102  83 

114 

83  78 

81  114 

66  109 

KC-19-2 

19 

2 

Crushed  limestone 
1-1/2  in.  max 

5.0 

3360 

82 

94  82 

llU 

79  77 

74  110 

79  104 

KC-19-3 

19 

3 

Crushed  limestone 

4.7 

3640 

84 

101  86 

113 

86  139 

82  116 

82  105 

1-1/2  in.  max 


(Revised  August  1977) 
Table  6-KCD 


Section  27 


Mixture  Data  and  Record  of  Testing  of  Concrete  Beams.  Kansas  City  District  Aggregate  Program 
1973-  (Installed  July  197*0 

Exposure  Rack,  Row  2  (W  to  E) 


Avg** 

1971- 

Readings 

28-day 

Compres- 

Initial  Laboratory 
Readings,  1971* 

11c 

Cycles 

1975 

258 

Cycles 

1976 

335 

Cycles 

1977 

Beam 

No. 

Mix- 

Batch 

No.* 

Air 

Content 

y. 

sive 

Strength 

psi 

Pulse 

Veloc 

fps 

No. 

Aggregates 

_l£ 

lx! 

*E  iV2 

& 

KC-20-1 

20 

1 

Crushed  limestone 
1-1/2- in.  max 

5.0 

3360 

100 

ii», 285 

100 

102  13l* 

10lt  117 

106  109 

KC-20-2 

20 

2 

Crushed  limestone 
1-1/2-in.  max 

5.* 

3280 

100 

lit,  370 

100 

107  129 

105  107 

no  101 

KC-20-3 

20 

3 

Crushed  limestone 
1-1/2- in.  max 

5.3 

3260 

100 

I**  ,285 

100 

106  131 

108  115 

113  102 

•  The  vater-ceaent  ratio  of  all  three  batches  vas  5.31*  gal/cvt  or  O.Ul»5  by  vt. 

••  Average  based  on  coapresslve  strength  of  three  6-  by  12-in.  cylinders  per  batch. 


(Revised  August  1977) 
Table  7-KCD 


Section  27 


Mixture  Data  and  Record  of  Testing  of  Concrete  Beams,  Kansas  City  District  Aggregate  Program 
1975-  (Installed  July  197U) 


Exposure  Rack,  Row  2  (W  to  E) 

Avg« 

1971* ••- 

Readings 

28-day 

Compres- 

Initial  Laboratory 
Readings,  1971* 

112 

Cycles 

1975 

258 

Cycles 

1976 

335 

Cycles 

1977 

Beam 

No. 

Mix¬ 

ture 

No. 

Air 

sive 

Strength 

psi 

Pulse 

No.* 

Aggregates 

t 

ft 

fps 

IV2 

ft  ft2 

ft  Iv2 

ft 

KC-21-1 

21 

1 

Crushed  limestone 
1-1/2-in.  max 

5.0 

1*600 

100 

1A.T95 

100 

102  131* 

106  111* 

101*  101* 

KC-20-2 

21 

2 

Crushed  limestone 
1-1/2- in.  max 

**•9 

5150 

100 

ll*.  620 

100 

101  132 

107  111* 

109  106 

KC-21-3 

21 

3 

Crushed  limestone 
1-1/2-in.  max 

5.1 

k930 

100 

11*.  535 

100 

102  139 

106  116 

106  105 

•  The  vater-cement  ratio  of  all  three  batches  vas  5.28  gal/cvt  or  O.UU  by  vt. 

••  Average  based  on  compressive  strength  of  three  6-  by  12-in.  cylinders  per  batch. 


(Corrected.  Aug  1965) 


Section  28 


Eufaula  Dam  Aggregates  Study 

In  October  1958,  three  concrete  cubes  ( 8  cu  ft)  were  installed  at 
half-tide  elevation  on  the  beach  at  Treat  Island  as  part  of  a  program  being 
conducted  by  the  Tulsa  District,  CE,  to  develop  information  about  the  ag¬ 
gregates  to  be  used  in  Eufaula  Dam.  These  aggregates  were  from  the  Tulsa 
District.  The  cubes  were  fabricated  at  the  Southwestern  Division  Labora¬ 
tory,  Dallas,  Tex. 

The  cubes  were  made  of  air-entrained  concrete,  admixture  Z  being 
the  air-entraining  admixture;  type  II  cement  was  the  cementing  medium.  The 
aggregates  were  a  natural  sand  fine  aggregate  and  a  crush  stone  coarse 
aggregate.  Two  cubes  contain  6- in.  maximum  size  aggregate,  the  other  con¬ 
tains  3-in.  maximum  size  aggregate.  All  cubes  were  fabricated  in  August 
1958. 

Table  1-ED  lists  these  specimens  and  gives  their  exposure  record 
along  with  pertinent  mixture  data. 


(Revised  August  1977) 

Table  1-ED 

Mixture  Data  and  Record  of  Testing  of  Concrete  Cubes,  Eufaula  Dam  Aggregate  Study 
1956-  (Installed  October  1958) 


Section  28 


_  _ Beach  Row  1  (W  to  E) 

1958-1965  Readings 

Theo  0  Cycles  1958  155  ^  ^  557  W  55T 

, p."  iq  XeS/  "  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles 


Coarse  Aggregate 
Maximum 


Cube 

No. 


Size 

in. 


Descrip- 

tlon 


Air 


Water-  _ 

Cement  Cement  Pulse 
Ratio  Factor  Veloc 
gal/bag  bags/cu  yd  fps 


1 

6 

Poor 

5-4 

4.97 

4.0 

14,450 

100 

95 

101 

96  100 

102 

no 

n3 

2 

6 

Random 

5-9 

4.85 

4.0 

14,650 

100 

95 

100 

100  104 

107 

no 

107 

3 

3 

Random 

5-7 

5-30 

4.0 

14,075 

100 

95 

103 

99  102 

108 

in 

112 

1966-1973  Readings 

985 

Cycles 

1966 

p2 

1141 

Cycles 

1967 

1326 

Cycles 

1968 

tv* 

1480 

Cycles 

1969 

P2 

1633 

Cycles 

1970 

P2 

1802 

Cycles 

1971 

P2 

1959 

Cycles 

1972 

2099 

Cycles 

1973 

1 

6 

Poor 

5.4 

4.97 

4.0 

90 

112 

105 

96 

94 

85 

84 

• 

2 

6 

Random 

5.9 

4.85 

4.0 

92 

107 

110 

99 

94 

89 

82 

• 

3 

3 

Random 

5.7 

5.30 

4.0 

97 

114 

109 

100 

96 

97 

95 

* 

1974- 

Readings 

2235 

Cycles 

1974 

2347 

Cycles 

1975 

JV2 

2493 

Cycles 

1976 

1 iv2 

2570 

Cycles 

1977 

Hv2 

1 

6 

Poor 

5.4 

4.97 

4.0 

94 

88 

92 

97 

2 

6 

Random 

5.9 

4.85 

U.O 

115 

109 

108 

93 

3 

3 

Random 

5.7 

5.30 

4.0 

109 

99 

96 

93 

•  Equipment  malfunctioned  in  1973. 


(Reprinted  Aug  197*0 


Section  29 


Alkali -Aggregate  Reactivity  Investigation 

The  purpose  of  this  investigation  is  to  determine  the  effect  on 
alkali-aggregate  reactivity  of  varying  amounts  of  C^A  (tricalcium  aluminate) 
in  high-alkali  and  low-alkali  cements  in  concrete  specimens  exposed  to  sea 
water  at  St.  Augustine,  Fla. 


1955  Installations 

In  August  1955,  72  concrete  beams  (6  by  6  by  30  in.)  were  installed 
on  the  exposure  rack  at  St.  Augustine .  In  September  1955,  36  concrete 
beams  (6  by  6  by  30  in.)  were  installed  outdoors  at  the  Waterways  Experi¬ 
ment  Station  Suboffice,  Jackson,  Miss.  The  beams  installed  at  Jackson  were 
controls  for  those  installed  at  St.  Augustine.  The  concrete  was  air- 
entrained,  and  had  a  water-cement  ratio  of  0.5  (by  wt),  a  slump  of  2-l/2  + 
l/2  in.,  and  an  air  content  of  5-0  +  0.5$.  Cement  factors  were  in  the 
range  of  4.5  to  5.8  bags  per  cu  yd.  Twelve  concrete  combinations  were 
represented,  in  which  two  fine  aggregates,  three  coarse  aggregates  (maxi¬ 
mum  size,  l-l/2  in.),  two  pozzolans,  two  high-alkali  cements,  and  two 
low-alkali  cements  were  used.  Nine  beams  represented  each  of  the  12  com¬ 
binations  (six  beams  at  St.  Augustine  and  three  at  Jackson). 

Table  1-AA  lists  the  specimens  and  gives  their  exposure  record  along 
with  other  pertinent  information. 

In  November  1957,  two  of  the  specimens  exposed  at  St.  Augustine  were 
returned  to  the  laboratory  for  study  (specimens  1823  and  1850).  The 
findings  were: 

Beam  1823;  Showed  evidence  of  slight  alkali-aggregate  reaction; 
no  sign  that  this  had  been  damaging  to  the  concrete. 

Beam  1850:  Showed  evidence  of  heavy  alkali -aggregate  reaction 
and  of  heavy  sulfate  attack.  The  effects  of  this  had  been 
damaging  to  the  concrete. 

1956  Installations 


In  August  1956,  36  concrete  beams  (6  by  6  by  30  in.)  were  installed 


Section  29 


(Revised  Aug  1973) 


on  the  exposure  rack  at  St.  Augustine  and  18  concrete  beams  (6  by  6  by 
30  in.)  were  installed  outdoors  at  the  WES  Suboffice,  Jackson,  Miss. 

The  beams  installed  at  Jackson  were  controls  for  those  installed  at 
St.  Augustine.  The  concrete  was  air-entrained  and  had  a  water-cement 
ratio  of  0.5  (by  wt),  a  slump  of  2-1/2  +  1/2  in.,  and  an  air  content  of 
5.0  +  0.5$.  Cement  factors  were  in  the  range  of  It. 5  to  5.8  bags  per 
cu  yd.  Six  concrete  combinations  were  represented,  in  which  two  cement 
replacement  materials,  one  high-alkali  cement,  one  low-alkali  cement, 
one  fine  aggregate,  and  one  coarse  aggregate  (maximum  size,  3A  in.) 
were  used.  These  six  combinations  represented  a  repeat  of  two  of  those 
included  in  the  1955  group  plus  each  of  these  with  the  inclusion  of  each 
of  two  pulverized  water-quenched  iron  blast  furnace  slags  used  as  cement 
replacement  materials.  Nine  beams  represented  each  of  the  six  combina¬ 
tions  (six  beams  at  St.  Augustine  and  three  beams  at  Jackson). 

Table  2-AA  lists  the  specimens  and  gives  their  exposure  record 
along  with  other  pertinent  information. 

In  August  1971,  15  beams  (9  from  1955  installation  and  6  from  1956 
installation)  were  returned  to  the  laboratory  for  study.  The  testing 
and  installation  of  specimens  at  St.  Augustine  were  discontinued  after 
the  1970  inspection. 


(Revised  Aug  1964) 
Table  1-AA 


Section  29 


Record  of  Tee ting  of  Concrete  Beane,  Alkall-a 


ate  Reactivity  Investigation 


Replacement 

Materiel* 

(Possolan) 


Pine  Coarse* 

Aggregate  Aggregate  j£ 

Beams  Installed  at  8t.  Auj 


.  _ 1258 

fid  Js  fid  Je  fid  je 


J£  fiC 


ustlne.  Fla., 


1823  RC  331 
1624  high  alkali 

1826  low  CJk 

182T  J 

1829 

1830 

1832  n=  333 

1833  low  alkali 

1835  low  C,A 

iH-m;  i 


1841  RC  333 

1842  low  alkali 

1844  low  C,A 

iRlid  3 


Rat  gravel  100  14,620 
♦  quart  t-  100  14,970 


Ite  (5 It) 


100  14,620 
100  14,535 
100  14,880 
100  15,060 


Bat  sand  Rat  gravel  100  14,370 

+  quart!-  100  14,370 

lte  (5 *)  100  14,450 

100  15,060 
100  15,060 
100  14,880 


100  104 
100  103 
100  102 
100  104 
100  104 
100  103 

100  107 

100  109 

100  107 
100  107 
100  108 
100  108 


117  •* 

99  115  96 

100  126  100 

104  121  102 

99  125  90 

98  131  97 

106  131  109 
109  132  109 

105  117  109 
102  120  102 

98  119  102 

101  120  102 


64  98  Failed 

tt 

92  92  Failed 

tt 

106  93  56  82  Failed 

116  111  111  123  109  102 

112  111  106  120  106  106 

112  114  106  117  106  105 

115  108  109  116  107  100 

116  106  109  112  107  99 

115  108  108  113  106  101 


Limestone  Limestone 
sand 


100  14,880  100  109  112  120  115  119  121  113  122  UO  112 

100  15,150  100  109  108  120  112  119  118  115  128  112  113 

100  14,975  100  112  112  124  116  117  119  105  127  103  119 

100  14,705  100  111  110  132  113  118  122  111  134  107  119 

100  14,535  100  114  ill  146  114  119  122  118  125  118  116 

100  14,535  100  113  114  139  117  120  123  114  137  U5  116 


RC  332  Rone 

Rat  sand 

Rat  gravel 

100 

14,125 

100 

69 

87 

** 

high  allcall 

+  quarte¬ 

100 

14,370 

100 

66 

83 

124 

36 

Failed 

high  C^A 

tte  (5*) 

100 

14,795 

100 

68 

87 

t 

100 

14,620 

100 

86 

89 

no 

39 

Failed 

100 

14,620 

100 

6T 

78 

77 

23 

Felled 

100 

14,620 

100 

56 

79 

73 

26 

Failed 

RC  332  Rone 

Limestone 

Llaeetone 

100 

15,060 

100 

105 

109 

126 

106 

110 

113 

105 

122 

122 

108 

high  alkali 

sand 

100 

14,880 

100 

105 

109 

120 

U7 

110 

us 

99 

124 

107 

112 

high  CjA 

100 

15,245 

100 

106 

105 

126 

UO 

no 

112 

106 

121 

104 

105 

100 

14,795 

100 

105 

109 

124 

113 

112 

113 

108 

122 

108 

112 

100 

14,620 

100 

105 

105 

123 

U1 

106 

113 

104 

127 

108 

109 

100 

14,620 

100 

105 

109 

124 

109 

119 

120 

114 

132 

115 

in 

1868  RC  334 

1869  low  alkali 

1871  high  C-A 

1872  3 

1874 

1875 

1877  RC  331 

1878  high  alkali 

1880  low  C-A 

lflAl  * 


RC  332 

high  alkali 
high  CjA 


RC  331 
high  alkali 
low  CjA 


Llaestone  Live  atone 


Rat  gravel 


100  14,705  100  108  114 

100  14,205  100  UO  115 

100  14,620  100  UO  U3 

100  14,880  100  UO  U3 

100  14,970  100  108  109 

100  14,880  100  108  109 


30*  Bat 


100  15,060 
100  14,705 
100  14,795 
100  14,795 
100  14,970 

100  14,970 

100  14,285 
100  14,450 
100  14,370 
100  14,535 
100  14, 880 
100  14,620 


Rat  gravel  100  13,735 
+  quart!-  100  13,810 


Rat  gravel 


lte  (5*) 


Fly  aeh  20*  Bet 


100  14,125 
100  14,370 

100  13,890 
100  14,125 


Rat  gravel  100  14,705 
♦  quart!-  100  14,705 
lte  (5*)  100  14,705 

100  14,795 
IOO  14,680 
100  14,880 

(Continued) 


100  104  99 

100  103  89 
100  103  100 
100  104  100 
100  107  98 
100  105  99 

100  105  97 

100  104  98 

100  103  98 
100  104  99 

100  104  98 

100  106  98 

100  115  102 
100  114  102 

100  109  99 

100  UO  98 
100  113  99 

100  UO  99 

100  106  97 

100  107  98 
100  108  105 
100  io4  loe 
100  107  98 
100  108  97 


125  U7 

130  118 

126  116 

128  U5 

127  112 

131  112 

125  101 
115  101 

U9  100 
121  100 
121  98 
118  100 

115  109 

113  97 
112  100 
UT  98 

114  97 
U6  99 

131  112 
131  105 
122  102 
123  101 

129  110 
127  102 

122  94 

122  101 
106  101 

116  102 
122  100 
120  100 


107  116 
U9  120 
116  120 
U7  118 
118  116 
117  115 

110  104 

109  109 

108  105 

110  106 
108  105 

111  105 

107  105 

106  104 
111  106 
1U  106 

107  101 
104  102 

107  109 
125  109 
119  110 
121  107 
133  UO 
121  106 

U4  106 
115  107 
96  UO 
110  107 

112  105 
U3  105 


103  122 
114  129 
112  128 
111  131 

114  126 

112  125 

105  109 

102  U4 
107  113 
105  113 

104  109 
107  106 

103  106 
107  107 

107  UO 

108  113 
103  105 
102  109 

102  119 
119  U6 

113  114 
113  111 
125  113 

115  112 

107  112 

108  113 
93  U4 

103  U4 
107  115 
109  UO 


103  106 
U4  U7 
113  U1 
U7  112 
U4  UO 

112  UO 

110  101 
102  101 

103  99 

108  99 

108  95 

107  96 

105  100 

104  98 

109  100 

108  99 

106  95 

102  94 

104  105 
123  105 

113  102 

119  93 

119  UO 
122  99 

102  96 
106  98 
92  100 

107  99 

109  98 

106  96 


•  Percentage!  given  are  by  voluae  of  aaterlal  replaced. 
**  Returned  to  laboratory  Rnvanhai'  1957. 
t  Broken  In  handling  1958. 
ft  Broken  In  handling  i960. 


<»eet  l) 


(Revised  Sept  1966) 
Table  1-AA  (Continued) 


Section  29 


1955-1964  ~Readlnja~ 


Beam 

Ho. 

Replacement 

Material 

(Pozzolan) 

Fine 

Aggregate 

Coarse 

Aggregate 

Pulse 

Veloc 

fp8 

1956 

1958 

i960 

1962 

1964 

Cement 

IE 

tv2  ite  itv2  tE  tv2 

Aug  1955  (Continued) 

JE 

fid 

JE 

fid 

*E  tV2 

Beams  Installed  at  St.  Augustine,  Fla., 

1913 

RC  332 

Shale  30* 

Nat  sand 

Nat  gravel 

100 

13,515 

100 

Ilk 

102 

132 

106 

122 

no 

117 

117 

121 

106 

191U 

high  alkali 

+  quartz- 

100 

13,515 

100 

111 

103 

130 

106 

124 

113 

115 

117 

119 

104 

1916 

high 

Ite  (5*) 

100 

13,890 

100 

110 

102 

126 

103 

119 

m 

113 

119 

115 

101 

1917 

100 

13,890 

100 

113 

103 

124 

105 

118 

no 

113 

115 

113 

101 

1919 

100 

14,125 

100 

111* 

102 

127 

106 

116 

106 

110 

111 

111 

99 

1920 

100 

14,285 

100 

112 

97 

130 

100 

120 

105 

115 

112 

113 

97 

1922 

RC  332 

Fly  ash  20$ 

Nat  sand 

Nat  gravel 

100 

14,535 

100 

107 

100 

75 

92 

F* 

72 

1923 

high  alkali 

+  quartz- 

100 

14,450 

100 

106 

1C* 

100 

99 

F 

78 

1925 

high  C3A 

lte  (5*) 

100 

14,535 

100 

106 

100 

68 

88 

F 

71 

1926 

100 

14,535 

100 

107 

101 

120 

102 

112 

105 

66 

89 

43F 

58 

1928 

100 

14,705 

100 

108 

100 

129 

99 

115 

101 

53 

72 

40F 

46 

1929 

100 

14,970 

100 

107 

100 

115 

96 

69 

85 

F 

70 

Beams 

Installed  at  Jackson,  Miss.,  Sept  1955 

1825 

RC  331 

None 

Nat  sand 

Nat  gravel 

100 

14,970 

100 

102 

1C* 

98 

102 

108 

98 

102 

101 

100 

99 

1828 

high  alkali 

+  quartz- 

100 

14,795 

100 

105 

104 

111 

100 

107 

98 

100 

100 

101 

98 

1831 

low  cyi 

ite  (5*) 

100 

14,795 

100 

102 

105 

103 

102 

107 

98 

101 

99 

101 

98 

1831* 

RC  333 

None 

Nat  sand 

Nat  gravel 

100 

14,205 

100 

104 

101 

107 

108 

109 

105 

103 

106 

103 

105 

1837 

low  alkali 

+  quartz- 

100 

14,880 

100 

105 

105 

109 

108 

111 

102 

105 

98 

103 

95 

181*0 

low  C3A 

lte  (5)6) 

100 

14,620 

100 

106 

109 

110 

106 

112 

105 

106 

102 

105 

101 

1843 

RC  333 

None 

Limestone 

Limestone 

100 

14,880 

100 

105 

112 

108 

115 

110 

116 

103 

109 

104 

110 

1846 

low  alkali 

sand 

100 

14,370 

100 

107 

Ilk 

112 

118 

114 

117 

107 

117 

107 

115 

1849 

low  cyi 

100 

14,370 

100 

108 

114 

112 

118 

116 

117 

107 

114 

109 

117 

1852 

RC  332 

None 

Nat  sand 

Nat  gravel 

100 

14,125 

100 

io4 

106 

107 

105 

108 

100 

104 

102 

99 

99 

1855 

high  alkali 

+  quartz¬ 

100 

14,535 

100 

103 

104 

106 

100 

110 

97 

105 

98 

99 

96 

1858 

high  C^ 

ite  (5$) 

100 

14,535 

100 

100 

104 

104 

101 

104 

99 

98 

98 

96 

96 

1861 

RC  332 

None 

Limestone 

Limestone 

100 

14,880 

100 

102 

109 

108 

113 

111 

113 

103 

109 

103 

115 

1864 

high  alkali 

sand 

100 

14,450 

100 

102 

116 

106 

121 

111 

120 

104 

117 

103 

121 

1867 

high  C3A 

100 

14,450 

100 

100 

106 

104 

117 

109 

116 

101 

117 

101 

114 

1870 

DC  334 

None 

Limestone 

Limestone 

100 

14,535 

100 

104 

101 

111 

113 

113 

114 

105 

114 

105 

114 

1873 

lov  alkali 

sand 

100 

14,450 

100 

105 

113 

112 

117 

114 

114 

106 

116 

106 

113 

1876 

high  C^ 

100 

14,705 

100 

104 

107 

111 

110 

113 

110 

104 

112 

104 

111 

1879 

RC  331 

None 

Nat  sand 

Nat  gravel 

100 

13,965 

100 

103 

115 

106 

112 

111 

110 

103 

114 

103 

108 

1882 

high  alkali 

100 

14,705 

100 

102 

107 

104 

102 

108 

100 

102 

100 

102 

99 

1885 

lov  C3A 

100 

15,060 

100 

101 

102 

104 

97 

108 

95 

100 

100 

100 

96 

1888 

RC  332 

None 

Nat  sand 

Nat  gravel 

100 

14,125 

100 

103 

107 

107 

100 

110 

98 

101 

105 

101 

100 

1891 

high  alkali 

100 

13,890 

100 

104 

111 

109 

105 

111 

100 

104 

107 

102 

101 

1894 

high  C^ 

100 

14,620 

100 

103 

101 

105 

98 

107 

94 

101 

96 

98 

93 

1897 

RC  331 

Shale  30* 

Nat  sand 

Nat  gravel 

100 

13,660 

100 

95 

102 

103 

98 

106 

94 

101 

102 

100 

99 

1900 

high  alkali 

+  quartz¬ 

100 

13,515 

100 

98 

106 

107 

102 

110 

100 

103 

104 

96 

101 

1903 

lov  cyv 

ite  (5$) 

100 

13,735 

100 

93 

101 

100 

99 

105 

96 

98 

101 

98 

98 

1906 

RC  331 

Fly  ash  20)6 

Nat  sand 

Nat  gravel 

100 

14,535 

100 

96 

106 

102 

101 

106 

107 

98 

101 

98 

100 

1909 

high  alkali 

+  quartz¬ 

100 

14,045 

100 

99 

112 

104 

107 

108 

108 

100 

108 

98 

107 

1912 

lov  C3A 

ite  (5$) 

100 

14,705 

100 

94 

102 

99 

100 

103 

100 

96 

100 

93 

99 

1915 

RC  332 

Shale  30)1 

Nat  sand 

Nat  gravel 

100 

13,160 

100 

93 

103 

102 

103 

107 

104 

100 

105 

95 

102 

1918 

high  alkali 

+  quartz¬ 

100 

13,890 

100 

99 

101 

108 

100 

110 

99 

103 

102 

101 

99 

1921 

high  C^A 

ite  (5$) 

100 

13,515 

100 

96 

102 

103 

103 

105 

95 

98 

104 

94 

98 

1924 

RC  332 

Fly  ash  20)1 

Nat  sand 

Nat  gravel 

100 

14,205 

100 

97 

101 

103 

105 

107 

102 

99 

106 

97 

105 

1927 

high  alkali 

+  quartz- 

100 

14,795 

100 

101 

107 

106 

99 

104 

100 

98 

101 

99 

100 

1930 

high  C^ 

lte  (5*) 

100 

14,705 

100 

96 

104 

104 

99 

115 

98 

100 

100 

96 

99 

n 


*  # 


1 


t  F  denotes  specimen  has  failed. 


(Sheet  2) 


(Revised  Sept  1970) 
Table  1-AA  (Continued) 


Section  29 


Beam 

No. 


Cement 


Replace  .ent 
Material 
( Pozzolan) 


Fine 

Aggregate 


Coarse 

Aggregate 


1906-1970  Readings 
1906  1968  1970 

te.  ivs  is  jv2  $E  $V2 


Beams  Installed  at  3t.  Augustine,  Fla.,  Aug  1993 


1832 

RC  333 

None 

Nat  sand 

Nat  gravel 

109 

121 

109 

110 

109 

109 

1833 

low  alkali 

+  quartz¬ 

108 

123 

110 

111 

110 

105 

1835 

low  C-A 

ite  (5 1o) 

107 

125 

108 

111 

108 

107 

1836 

5 

107 

119 

113 

104 

113 

108 

1838 

107 

120 

103 

103 

103 

101 

1839 

108 

119 

112 

105 

112 

106 

18U1 

RC  333 

None 

Limestone 

Limestone 

101 

133 

99 

114 

99 

120 

1842 

low  alkali 

sand 

114 

126 

113 

117 

113 

115 

1844 

low  C-A 

101 

132 

105 

ill 

105 

116 

1845 

5 

ill 

134 

115 

116 

117 

119 

1847 

115 

134 

116 

119 

116 

119 

1848 

113 

137 

112 

119 

112 

116 

1859 

RC  332 

None 

Limestone 

Limestone 

103 

138 

105 

109 

103 

105 

i860 

high  alkali 

sand 

103 

126 

101 

113 

101 

109 

1862 

high  C3A 

103 

123 

108 

108 

106 

105 

1863 

106 

122 

108 

112 

108 

110 

1865 

104 

127 

102 

109 

104 

112 

1866 

114 

131 

119 

122 

119 

117 

1868 

RC  334 

None 

Limestone 

Limestone 

99 

119 

103 

112 

99 

105 

1869 

low  alkali 

sand 

116 

134 

114 

118 

114 

117 

1871 

high  C.A 

113 

133 

111 

117 

111 

114 

1872 

5 

111 

129 

111 

115 

111 

118 

1874 

114 

125 

121 

113 

121 

113 

1875 

112 

127 

117 

111 

117 

116 

1877 

RC  331 

None 

Nat  sand 

Nat  gravel 

106 

113 

110 

101 

112 

105 

1878 

high  alkali 

103 

116 

99 

107 

99 

108 

1880 

low  C..A 

105 

116 

105 

106 

105 

107 

1881 

5 

105 

105 

104 

108 

104 

107 

1883 

105 

111 

110 

101 

108 

92 

1884 

107 

107 

106 

102 

110 

95 

1886 

RC  332 

None 

Nat  sand 

Nat  gravel 

105 

111 

103 

106 

105 

100 

1887 

high  alkali 

108 

110 

115 

103 

117 

99 

1889 

high  C3A 

105 

113 

109 

105 

111 

99 

1890 

106 

114 

108 

108 

108 

103 

1892 

104 

111 

102 

99 

102 

101 

1893 

101 

112 

102 

101 

102 

105 

1895 

RC  331 

Shale  30$ 

Nat  sand 

Nat  gravel 

104 

119 

104 

110 

104 

no 

1896 

high  alkai i 

+  quartz¬ 

124 

118 

126 

109 

126 

106 

1898 

low  C3A 

ite  (5*) 

114 

115 

119 

107 

113 

103 

1899 

110 

118 

112 

102 

no 

98 

1901 

134 

120 

133 

113 

130 

108 

1902 

118 

114 

123 

106 

118 

99 

1904 

RC  331 

Ply  ash  20$ 

Nat  sand 

Nat  gravel 

112 

112 

108 

104 

108 

100 

1905 

high  alkali 

+  quartz¬ 

109 

118 

106 

104 

106 

101 

1907 

low  C-,A 

ite  (yf,) 

94 

113 

90 

107 

87 

100 

1908 

5 

107 

112 

104 

104 

106 

98 

1910 

111 

113 

111 

104 

111 

100 

1911 

110 

111 

105 

103 

105 

99 

1913 

RC  332 

Jhale  30$ 

Nat  sand 

Nat  gravel 

121 

120 

126 

110 

129 

108 

1914 

high  alkali 

+  quartz- 

118 

116 

110 

110 

119 

109 

1916 

high  C-A 

lte  (5$) 

115 

117 

114 

109 

114 

107 

1917 

5 

113 

115 

115 

106 

115 

106 

1919 

113 

114 

115 

103 

111 

97 

1920 

113 

110 

120 

103 

120 

100 

(Continued) 


(Revised  Sept  1970) 
Table  1-AA  (Concluded) 


lection  29 


1966-1970  Reading 

Beam 

Material 

Fine 

Coarse 

I960 

1968 

1970 

No. 

Cement 

(Pozzolan) 

Aggregate 

Aggregate 

JE 

#v  #e  #\r 

#V 

Beams 

Installed  at 

Jackson,  Miss., 

Sept  1955 

1825 

FC  331 

None 

Nat  sand 

Nat  gravel 

102 

99 

102 

97 

104 

95 

1828 

high  alkali 

+  quartz- 

100 

95 

102 

95 

103 

94 

1831 

low  C^A 

ite  (5«) 

101 

94 

102 

98 

101 

97 

1831* 

RC  333 

None 

Nat  sand 

Nat  gravel 

103 

92 

104 

105 

107 

101 

1837 

low  alkali 

+  quartz- 

103 

106 

105 

100 

105 

101 

1840 

low  C^A 

ite  (5“6) 

105 

100 

106 

101 

107 

100 

1843 

RC  333 

None 

Limestone 

Limestone 

104 

101 

104 

109 

107 

109 

1846 

low  alkali 

sand 

107 

101 

109 

109 

115 

113 

1849 

low  CJl 

109 

105 

111 

115 

114 

114 

1852 

RC  332 

None 

Nat  sand 

Nat  gravel 

104 

89 

104 

97 

108 

97 

1855 

high  alkali 

+  quartz- 

98 

88 

100 

94 

102 

91 

1858 

high  C3A 

ite  (5«) 

95 

85 

98 

97 

100 

91 

1861 

RC  332 

None 

Limestone 

Limestone 

105 

113 

107 

117 

108 

112 

1364 

high  alkali 

sand 

104 

108 

106 

118 

111 

ns 

1867 

high  C3A 

102 

109 

104 

114 

111 

113 

1870 

RC  334 

None 

Li mestone 

Limestone 

106 

101 

107 

116 

111 

111 

1873 

low  alkali 

sand 

107 

110 

108 

114 

111 

114 

1876 

high  C3A 

104 

106 

105 

106 

112 

104 

1879 

RC  331 

None 

Nat  sand 

Nat  gravel 

103 

103 

104 

107 

106 

100 

1882 

high  alkali 

102 

100 

104 

98 

105 

99 

1885 

low  C3A 

100 

93 

102 

93 

104 

94 

1888 

RC  332 

None 

Nat  sand 

Nat  gravel 

101 

96 

103 

99 

105 

97 

1891 

high  alkali 

102 

100 

102 

99 

106 

99 

1894 

high  C3A 

98 

92 

100 

93 

102 

90 

1897 

RC  331 

Shale  30$ 

Nat  sand 

Nat  gravel 

94 

85 

98 

89 

108 

89 

1900 

high  alkali 

+  quartz- 

97 

96 

103 

98 

112 

98 

1903 

low  C3A 

ite  (5$) 

94 

83 

98 

95 

105 

93 

1906 

RC  331 

Fly  ash  20# 

Nat  sand 

Nat  gravel 

98 

90 

100 

100 

101 

98 

1909 

high  alkali 

+  quartz- 

100 

87 

100 

106 

103 

102 

1912 

low  C3A 

ite  (5<) 

97 

98 

96 

98 

98 

93 

1915 

RC  332 

Shale  30$ 

Nat  sand 

Nat  gravel 

96 

94 

99 

102 

104 

100 

1918 

high  alkali 

+■  quartz- 

101 

94 

104 

99 

107 

98 

1921 

high  C3A 

ite  (5$) 

93 

93 

96 

97 

103 

94 

1924 

RC  332 

Fly  ash  20# 

Nat  sand 

Nat  gravel 

99 

106 

100 

102 

103 

102 

1927 

high  alkali 

+  quartz- 

100 

102 

101 

99 

104 

99 

1930 

high  C3A 

ite  (510 

98 

98 

98 

97 

102 

97 

(Revised  Sept  1970) 

Table  2-AA 

Record  of  Testing  of  Concrete  Beams,  Alkali -Aggregate  Reactivity  Investigation 
19^6- _ (Installed  August  1956) 


/ 


Section  29 


Fine  aggregate,  limestone  sand 

Coarse  aggregate,  limestone  (3/4-in.  maximum  size) _ _ 

1956-1970  Readings 

~ 


Replacement 

Pulse 

1958 

i960 

1962 

1964 

1966 

1968 

1970 

Mo. 

Cement 

Material* 

fps 

1 fe  tv2  jE  j tv2 

JE 

fid 

JS 

a! 

JE 

fid 

JE 

fid 

JE 

fid 

Beams  Installed  at 

St. 

Augustine, 

Fla. 

2535 

RC  332 

None 

100 

15,245 

100 

113 

109 

115 

115 

109 

116 

107 

106 

105 

112 

107 

109 

108 

103 

2536 

high  alkali 

100 

15,060 

100 

116 

112 

121 

115 

114 

121 

113 

106 

111 

113 

112 

112 

112 

109 

2538 

high  C_A 

100 

14,795 

100 

111 

106 

117 

114 

110 

117 

106 

105 

104 

no 

115 

106 

117 

108 

2539 

j 

100 

14,795 

100 

112 

109 

117 

112 

162 

120 

146 

103 

143 

114 

134 

107 

128 

98 

2541 

100 

14,970 

100 

111 

109 

113 

115 

104 

126 

104 

no 

102 

111 

106 

111 

107 

107 

2542 

100 

15,060 

100 

111 

104 

in 

113 

105 

121 

107 

102 

103 

121 

101 

106 

101 

107 

2544 

RC  334 

None 

100 

15,430 

100 

122 

109 

122 

110 

111 

118 

111 

103 

109 

127 

111 

109 

111 

111 

2545 

low  alkali 

100 

15,335 

100 

115 

112 

121 

110 

114 

118 

114 

105 

113 

81 

112 

112 

114 

111 

2547 

high  C-A 

100 

14,620 

100 

114 

113 

115 

119 

109 

123 

107 

107 

103 

120 

101 

115 

103 

107 

2548 

5 

100 

14,705 

100 

128 

99 

115 

129 

106 

122 

106 

107 

106 

123 

110 

109 

110 

108 

2550 

100 

15,060 

100 

115 

115 

123 

116 

108 

122 

108 

99 

108 

147 

110 

111 

112 

109 

2551 

100 

15,060 

100 

114 

116 

122 

116 

107 

122 

112 

109 

110 

135 

112 

111 

112 

103 

2553 

RC  332 

RC  198 

100 

15,925 

100 

111 

108 

122 

108 

109 

119 

114 

106 

112 

143 

112 

108 

112 

303 

2554 

high  alkali 

blast-furnace 

100 

15,925 

100 

113 

107 

130 

111 

115 

121 

111 

106 

111 

145 

118 

107 

118 

104 

2556 

high  C_A 

slag  40$ 

100 

15,530 

100 

115 

109 

128 

111 

109 

120 

114 

106 

113 

144 

114 

105 

116 

101 

2557 

5 

100 

15,625 

100 

111 

108 

124 

111 

111 

117 

109 

105 

109 

144 

109 

107 

109 

100 

2559 

100 

15,430 

100 

113 

108 

127 

111 

109 

120 

111 

106 

110 

131 

111 

107 

109 

103 

2560 

100 

15,430 

100 

140 

101 

113 

109 

113 

121 

113 

103 

111 

124 

111 

106 

109 

102 

2562 

RC  332 

RC  216 

100 

15,335 

100 

150 

105 

123 

100 

114 

120 

118 

104 

114 

123 

114 

108 

114 

111 

2563 

high  alkali 

blast-furnace 

100 

15,335 

100 

147 

105 

114 

103 

111* 

121 

110 

104 

114 

123 

112 

108 

112 

110 

2565 

high  C,,A 

slag  40$ 

100 

15,335 

100 

113 

109 

130 

105 

112 

117 

108 

106 

109 

119 

108 

107 

106 

104 

2566 

100 

15,430 

100 

123 

105 

126 

111 

117 

117 

110 

108 

110 

117 

112 

107 

110 

103 

2568 

100 

15,060 

100 

114 

108 

127 

113 

109 

118 

109 

107 

ill 

125 

113 

111 

111 

108 

2569 

100 

14,970 

100 

119 

108 

128 

115 

112 

122 

112 

109 

113 

121 

116 

111 

114 

109 

2571 

RC  33U 

RC  198 

100 

15,530 

100 

127 

103 

132 

111 

117 

115 

114 

103 

114 

114 

112 

106 

110 

104 

2572 

low  alkali 

blast-furnace 

100 

15,625 

100 

127 

104 

133 

111 

114 

118 

118 

106 

119 

132 

118 

106 

116 

103 

2574 

high  C-A 

slag  40$ 

100 

15,150 

100 

128 

105 

117 

110 

111 

119 

111 

103 

117 

123 

123 

110 

121 

105 

2575 

5 

100 

15,150 

100 

124 

105 

125 

110 

120 

121 

120 

103 

114 

122 

116 

109 

114 

105 

2577 

100 

15,245 

100 

128 

105 

122 

110 

117 

119 

117 

102 

117 

119 

124 

107 

122 

102 

2578 

100 

15,245 

100 

123 

104 

121 

109 

116 

123 

118 

101 

118 

121 

120 

109 

118 

104 

2580 

RC  334 

RC  216 

100 

15,245 

100 

127 

104 

121 

110 

115 

124 

131 

105 

112 

119 

116 

110 

116 

105 

2581 

low  alkali 

blast-furnace 

100 

15,150 

100 

130 

106 

118 

113 

113 

121 

139 

102 

112 

116 

lit) 

109 

lit) 

106 

2583 

high  C-A 

slag  40$ 

100 

15,150 

100 

130 

106 

123 

110 

11»4 

119 

112 

106 

117 

121 

115 

109 

113 

102 

2584 

3 

100 

15,060 

100 

123 

105 

122 

112 

108 

119 

102 

106 

107 

119 

106 

109 

102 

102 

2586 

100 

15,150 

100 

130 

105 

116 

113 

110 

113 

110 

10’ 

114 

142 

113 

110 

109 

98 

2587 

100 

15,060 

100 

129 

106 

119 

113 

113 

116 

113 

107 

116 

120 

117 

109 

115 

106 

Beams 

Installed  at  Jackson,  Miss. 

2537 

RC  332 

None 

100 

14,970 

100 

106 

109 

113 

104 

104 

112 

104 

110 

105 

116 

107 

108 

109 

109 

2540 

high  alkali 

100 

14,970 

100 

103 

106 

107 

108 

101 

109 

99 

105 

102 

110 

103 

102 

107 

105 

2543 

high  C3A 

100 

15,150 

100 

104 

105 

110 

105 

103 

106 

101 

105 

io4 

107 

105 

102 

107 

102 

2546 

RC  334 

None 

100 

15,245 

100 

111 

109 

115 

109 

107 

110 

107 

108 

109 

132 

110 

106 

112 

108 

2549 

low  alkali 

100 

14,705 

100 

110 

106 

114 

106 

105 

109 

lot) 

106 

106 

106 

107 

102 

109 

105 

2552 

high  C^A 

100 

14,970 

100 

109 

108 

113 

109 

106 

112 

106 

110 

108 

113 

109 

105 

112 

109 

2555 

RC  332 

RC  I98 

100 

15,725 

100 

103 

107 

107 

107 

100 

111 

97 

109 

97 

109 

99 

107 

103 

111 

2558 

high  alkali 

blast-furnace 

100 

15,725 

100 

102 

103 

106 

102 

98 

105 

96 

104 

96 

117 

98 

100 

98 

104 

2561 

high  C3A 

slag  40$ 

100 

15,430 

100 

100 

108 

106 

108 

97 

108 

96 

106 

97 

117 

98 

106 

100 

108 

2564 

RC  332 

RC  216 

100 

15,335 

100 

104 

109 

106 

108 

99 

112 

96 

109 

98 

127 

100 

104 

102 

106 

2567 

high  alkali 

blast-furnace 

100 

15,150 

100 

104 

109 

104 

108 

96 

109 

98 

108 

100 

123 

100 

105 

102 

10R 

2570 

high  C3A 

slag  40$ 

100 

15,150 

100 

101 

106 

107 

106 

97 

109 

96 

105 

98 

117 

99 

101 

103 

104 

2573 

RC  334  ' 

RC  198 

100 

15,245 

100 

104 

112 

110 

110 

101 

110 

100 

108 

102 

119 

104 

106 

108 

109 

2576 

low  alkali 

blast-furnace 

100 

15,335 

100 

107 

104 

113 

105 

104 

105 

102 

104 

104 

120 

106 

101 

108 

105 

2579 

high  C3A 

slag  40$ 

100 

14,880 

100 

io4 

115 

110 

112 

100 

113 

100 

110 

100 

126 

103 

109 

107 

110 

2582 

RC  334 

RC  216 

100 

15,430 

100 

107 

107 

113 

104 

102 

105 

102 

100 

102 

116 

104 

99 

106 

104 

2585 

low  alkali 

blast-furnace 

100 

15,060 

100 

106 

110 

113 

109 

102 

110 

102 

105 

103 

118 

104 

102 

106 

106 

2588 

high  C3A 

slag  40$ 

100 

14,795 

100 

107 

116 

114 

112 

104 

114 

103 

112 

105 

122 

106 

109 

107 

110 

*  Percentages  given  are  by  volume  of  material  replaced. 
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Section  30 


Nonmetallic  Waterstop  Investigation 


The  purpose  of  this  investigation  is  to  evaluate  the  durability  of 
nonmetallic  waterstops  of  a  variety  of  compositions,  when  exposed  under 
different  stress  conditions,  to  different  types  and  severity  of  exposure 
conditions . 

The  test  specimens  are  rectangular  pieces  of  nonmetallic  waterstop 
material  l/l6  to  3/8  in.  thick.  Pieces  are  either  6  by  6  in.  or  3  by  6  in. 
in  size.  The  specimens  are  exposed  at  four  locations:  Treat  Island, 

Maine;  St.  Augustine,  Fla.;  Jackson,  Miss,  (indoors);  and  Jackson,  Miss, 
(outdoors).  Three  stress  conditions  are  represented: 

a.  Unstressed;  bolted  on  lumber  stringer. 

b.  Bent;  bolted  around  lumber  stringer  (approximately  l80°). 

£.  Embedded;  embedded  across  joint  plane  between  two  6-in. 
concrete  cubes  and  stressed  to  open  up  1-in.  gap  in  the 
joint  plane.  Wood  blocks  are  inserted  to  maintain  the 
waterstop  in  a  stretched  condition. 


Treat  Island  Installations 


In  1957  and  1958,  129  nonmetallic  waterstop  specimens  were  installed 
on  the  exposure  rack  at  Treat  Island  as  follows : 

Date  No.  and  Types  of  Specimens  Installed 

May  1957  8l  (27  embedded,  27  bent,  and  27  unstressed) 

Nov  1957  ^5  (15  embedded,  15  bent,  and  15  unstressed) 

Aug  1958  3  (1  embedded,  1  bent,  and  1  unstressed) 

Table  1-WS  lists  these  specimens,  identifies  them  as  to  type,  manu¬ 

facturer,  and  stress  condition,  and  gives  their  exposure  record.  It 
should  be  noted  that  bent  and  unstressed  specimens  of  the  same  material 
have  the  same  specimen  numbers.  All  remaining  specimens  were  sent  back 
to  the  concrete  laboratory  in  1973.  Exposure  was  discontinued  at  that 
time. 


St.  Augustine  Installations 


In  1957  and  1958,  111  nonmetallic  waterstops  were  installed  on  the 
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Table  1-WS  Section  30 


Condition  of  Unstressed 
Spec  imen?  ,  l  '■  -»'5 


Date  —  71  221  292  U33  522  %2P.  7^3  W~ 

Specimen  Manu-  In-  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles  Cycles 


No. 

Description 

facturer 

stalled 

1957 

1958 

1959 

i960 

1961 

1962 

1963 

i9<si* 

1965 

NR-1-1 

Natural  rubber 

A 

May 

■57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR- 2-1 

Natural  rubber 

B 

Nov 

’57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-2-2 

(3500-lb  tensile 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR  2-3 

strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-1-1 

General  service 

A 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-1-2 

rubber 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-2-1 

General  service 

B 

Nov 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-2-2 

rubber  (2000-lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-2-3 

tensile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-3-1 

General  service 

B 

Nov 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-3-2 

rubber  (3000-lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Souna 

SR-3-3 

tensile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-1-1 

Neoprene  rubber 

A 

May 

'57 

Sound 

Sound 

Sound 

Soind 

Sound 

Sound 

Sound 

Sound 

~ound 

NE0R-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-2-1 

Neoprene  rubber 

B 

Nov 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-2-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL-1-1 

Butyl  rubber 

B 

Nov 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL-1-2 

Sound 

Sound 

Sound 

Lost* 

Lost* 

BUTYL- 1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-1 

Type  IV  standard 

C 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

jound 

Sound 

Sound 

Sound 

PVC-2A-1 

Type  IV  arctic 

C 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-2 

poly vi nyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-1 

Type  V  standard 

c 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-1 

Type  V  arctic 

C 

May 

'57 

Sound 

Swund 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sourd 

PVC-3A-2 

poly vi nyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-A-1 

P-  lyvi  nyl 

A 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-A-2 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

pvc-1*-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-1 

Polyvinyl 

D 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sour 

PVC-5-2 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

0 

150 

221  362 

1*51 

557 

692 

855 

Cycles 

"Cycles 

Cycles  Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

J22L 

I960  1961 

1962 

1963 

19t>A 

I965 

PVC-9A(2)  Polyvinyl  chloride 

E 

Aug  '58 

Sound 

Sound 

Sound  Sound 

Sound 

Sound 

Sound 

Sound 

*  Thi6  specimen  presumably  lost  overboard  in  Sept  1959*  (Sheet  1) 
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Table  1-WS  (Continued) 

_ Exposure  Rack,  North  Wall 

Condition  of  Unstressed 


Specimen 

No. 

Description 

Manu¬ 

facturer 

Date 

In¬ 

stalled 

Specimens,  1966- 

1056 

Cycles 

1966 

3315 

Cycles 

1967 

""3357 

Cycles 

1968 

1551 

Cycles 

1969 

I7W 

Cycles 

1970 

1873 

Cycles 

1971 

NR -1-1 

Natural  rubber 

A 

May 

'57 

t 

NR -1-2 

t 

NR- 1-3 

Sound 

Sound 

Crazing 

Crazing 

t 

NR -2-1 

Natural  rubber 

B 

Nov 

'57 

t 

NR-2-2 

(3500-lb  tensile 

t 

NR-2-3 

strength) 

Sound 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

SR-1-1 

General  service 

A 

May 

•'57 

t 

SR-1-2 

rubber 

t 

SR- 1-3 

Sound 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

SR-2-1 

General  service 

B 

Nov 

'57 

t 

SR-2-2 

rubber  (2000-lb 

t 

SR-2-3 

tensile  strength) 

Sound 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

SR- 3-1 

General  service 

B 

Nov 

'57 

t 

SR- 3-2 

rubber  (3000-lb 

t 

SR-3-3 

tensile  strength) 

Sound 

Sound 

Crazing 

Crazing 

Craz ing 

Crazing 

NEOR-1-1 

Neoprene  rubber 

A 

May 

'57 

t 

NEOR-1-2 

t 

NEOR-1-3 

Sound 

Sound 

Sound 

Crazing 

Crazing 

Crazing 

NEOR-2-1 

Neoprene  rubber 

B 

Nov 

'57 

t 

NEOR-2-2 

t 

NECR-2-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL- 1-1 

Butyl  rubber 

B 

Nov 

'57 

t 

BUTYL- 1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

FVC-2-1 

Type  TV  standard 

C 

May 

'57 

t 

PVC-2-2 

polyvinyl 

t 

PVC-2-3 

chloride 

Sound 

Soundtt 

Soundtt 

Soundtt 

Soundtt 

Sound 

FVC-2A-1 

Type  IV  arctic 

C 

May 

'57 

t 

PVC-2A-2 

polyvinyl 

t 

PVC-2A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-1 

Type  V  standard 

C 

May 

'57 

t 

PVC-3-2 

polyvinyl 

t 

JVC-3-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-1 

Type  V  arctic 

C 

May 

'57 

t 

PVC-3A-2 

polyvinyl 

t 

PVC-3A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

t 

PVC-U-1 

Polyvinyl 

A 

May 

'57 

t 

PVC-U-2 

chloride 

t 

IVC-U-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

FVC-5-1 

Ftolyvinyl 

D 

May 

'57 

t 

FVC-5-2 

chloride 

t 

PVC-5-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

985 

11U1 

1326 

11*80 

1633 

1802 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1966 

1967 

1968 

1969 

1970 

.1271 

FVC-9A(2)  Polyvinyl  chloride 

E 

Aug  '58  Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

(Continued) 


t  Returned  to  laboratory  for  tests 
tt  This  specimen  has  curled. 
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Table  1-WS  (Continued) 


Section  30 


Exposure  Rack,  North  Wall 

Condition  of  Bent 


Specimen 

No. 

Description 

Manu¬ 

facturer 

Date 

In¬ 

stalled 

0 

Cycles 

1957 

71 

Cycles 

1958 

221 

Cycles 

1959 

292 

Cycles 

i960 

433 

Cycles 

1961 

Cycles 

1962 

- 525 - 

Cycles 

1963 

NR-1-1 

Natural  rubber 

A 

May 

'57 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

NR -1-2 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

NR-1-3 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

NR-2-1 

Natural  rubber 

B 

Nov 

'57 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

NR- 2-2 

(3500-lb  tensile 

Sound 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

NR-2-3 

strength) 

Sound 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

SR-1-1 

General  service 

A 

May 

'57 

Sound 

Crazing 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-1-2 

rubber 

Sound 

Crazing 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-1-3 

Sound 

Crazing 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-2-1 

General  service 

B 

Nov 

’57 

Sound 

Cracked 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-2-2 

rubber  (2000-lb 

Sound 

Cracked 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-2-3 

tensile  strength) 

Sound 

Cracked 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-3-1 

General  service 

B 

Nov 

'57 

Sound 

Sound 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-3-2 

rubber  (3000-lb 

Sound 

Sound 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

SR-3-3 

tensile  strength) 

Sound 

Sound 

Cracked 

Cracked 

Cracked 

Badly  cracked 

Badly  cracked 

NE0R-1-1 

Neoprene  rubber 

A 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-1 

Neoprene  rubber 

B 

Nov 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL-1-1 

Butyl  rubber 

B 

Nov 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Crazing 

BUTYL-1 -2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Crazing 

BUTYL-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Crazing 

PVC-2-1 

Type  IV  standard 

C 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-1 

Type  IV  arctic 

C 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-1 

Type  V  standard 

C 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-1 

Type  V  arctic 

C 

May 

’57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

pvc-u-i 

Polyvinyl 

A 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

pvc-U-a 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-fc-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-1 

Polyvinyl 

D 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-2 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

0 

150 

221 

362 

fc51 

557 

Cycle 8 

Cycles 

Cycles 

Cycle 8 

Cycles 

Cycles 

1958 

1959 

I960 

1961 

1962 

1963 

PVC-9A(2)  Polyvinyl  chloride 

E 

Aug  '58  — 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

(Continued) 


(Sheet  3) 


(Revised  Sept  1969) 
Table  1-WS  (Continued) 


Section  30 


Exposure  Rack,  North  Wall 

Condition  of  Bent 

Specimens,  196^-1968 

Date 

763 

926 

1056 

1212 

1397 

Specimen 

Manu- 

In- 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

No. 

Description 

facturer 

stalled 

1961 

1965 

1966 

1967 

1968 

NR-1-1 

Natural  rubber 

A 

May  '57 

Crazing 

Crazing 

Crazing 

Crazing 

Cracked 

NR-1-2 

Crazing 

Crazing 

t 

NR-1-3 

Crazing 

Crazing 

t 

NR-2-1 

Natural  rubber 

B 

Nov  ' 57 

Crazing 

Crazing 

Crazing 

Crazing 

Cracked 

NR-2-2 

(3500-lb  tensile 

Crazing 

Crazing 

t 

NR-2-3 

strength) 

Crazing 

Crazing 

t 

SR-1-1 

General  service 

A 

May  '57 

Badly  cracked 

Badly  cracked 

Badly  cracked 

Badly  cracked 

Badly  cracked 

SR-1-2 

rubber 

Badly  cracked 

Badly  cracked 

t 

SR-1-3 

Badly  cracked 

Badly  cracked 

t 

SR-2-1 

General  service 

B 

Nov  '57 

Badly  cracked 

Badly  cracked 

Badly  cracked 

Badly  cracked 

Badly  cracked,  torn 

SR-2-2 

rubber  (2000-lb 

Badly  cracked 

Badly  cracked 

t 

SR-2-3 

tensile  strength) 

Badly  cracked 

Badly  cracked 

t 

SR-3-1 

General  service 

B 

Nov  '57 

Badly  cracked 

Badly  cracked 

Badly  cracked 

Badly  cracked 

Badly  cracked,  torn 

SR- 3-2 

rubber  (3000-lb 

Badly  cracked 

Badly  cracked 

t 

sR-3-3 

tensile  strength) 

Badly  cracked 

Badly  cracked 

t 

NEOR-1-1 

Neoprene  rubber 

A 

May  *57 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-1-2 

Sound 

Sound 

t 

NEOR-1-3 

Sound 

Sound 

t 

NEOR-2-1 

Neoprene  rubber 

B 

Nov  *57 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-2 

Sound 

Sound 

t 

NEOR-2-3 

Sound 

Sound 

t 

BUTYL-1-1 

Butyl  rubber 

B 

Nov  '57 

Crazing 

Crazing 

Crazing 

Crazing 

Crazing 

BUTYL-1-2 

Crazing 

Crazing 

t 

BUTYL-1-3 

Crazing 

Crazing 

t 

PVC-2-1 

Type  IV  standard 

C 

May  '57 

Sound 

Sound 

Sound 

Sound 

Crazing 

PVC-2-2 

polyvinyl 

Sound 

Sound 

t 

PVC-2-3 

chloride 

Sound 

Sound 

t 

PVC-2A-1 

Type  IV  arctic 

C 

May  '57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-2 

polyvinyl 

Sound 

Sound 

t 

PVC-2A-3 

chloride 

Sound 

Sound 

t 

PVC-3-1 

Type  V  standard 

C 

May  *57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-2 

polyvinyl 

Sound 

Sound 

t 

pvc-3-3 

chloride 

Sound 

Sound 

t 

PVC-3A-1 

Type  V  arctic 

C 

May  '57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-2 

polyvinyl 

Sound 

Sound 

t 

PVC-3A-3 

chloride 

Sound 

Sound 

t 

PVC-4-1 

Polyvinyl 

A 

May  '57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-4-2 

chloride 

Sound 

Sound 

t 

PVC-4-3 

Sound 

Sound 

t 

PVC-5-1 

Polyvinyl 

D 

May  '57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-2 

chloride 

Sound 

Sound 

t 

PVC-5-3 

Sound 

Sound 

t 

692 

855 

985 

llUl 

1326 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1964 

1965 

1966  . 

1967 

1968 

PVC-9A(2)  Polyvinyl  chloride 

E 

Aug  *58  Sound 

Sound 

Sound 

Sound 

Sound 

_ _ (Continued) 

t  Returned  to  laboratory  in  May  1966  for  tests.  (Sheet  U) 


(Revised  Jan  1972) 
Table  1-WS  (Continued) 


Exposure  Rack,  North  Wall 


Condition  of  Bent 


Cycles 


Manu-  In- 
facturer  stalled 


Natural  rubber 


Cracked 


Natural  rubber 
(3500-lb  tensile 
strength) 


A  May  *57  Badly  cracked  Badly  cracked  Badly  cracked 


General  service 
rubber 


Nov  '57  Badly  cracked,  Torn 
torn 


General  service 
rubber  (2000-lb 
tensile  strength) 


General  service 
rubber  (3000- lb 
tensile  strength) 


Nov  '57  Badly  cracked,  Torn 
torn 


NE0R-1-1  Neoprene  rubber 


May  ' 57  Sound 


Sound 


Sound 


LrpOR-2-l  Neoprene  rubber 


Sound 


BUTYL- a -1  Butyl  rubber 


PVC-2-1  Type  IV  standard 
polyvinyl 
chloride 


PVC-2A-1  Type  IV  arctic 
polyvinyl 
chloride 


Sound 


Sound 


C  May  '57  Sound 


PVC-3-1  Type  V  standard 
polyvinyl 
chloride 


C  May  '57  Sound 


Sound 


PVC-3A-1  Type  V  arctic 
polyvinyl 
chloride 


May  ' 57  Sound 


Sound 


Sound 


Polyvinyl  chloride 


Sound 


May  *  57  Sound 


Sound 


PVC-5-1  Polyvinyl  chloride 


D  May  '57  Sound 


1802 

Cycles 


1480 

Cycles 


1633 

Cycles 


PVC-9A(2)  Polyvinyl  chloride 


Sound 


t  Returned  to  laboratory  for  tests 


(Revised  Sept  1969) 

Table  1-WS  (Continued)  Section  30 


NEOR-l-15 

Neoprene  rubber 

A 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-1-14 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-1-13 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-4-7 

Polyvinyl  chloride 

A 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-4-6 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-4-5 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-1-11 

Natural  rubber 

A 

May 

'57 

Sound 

Sound 

Sound 

Crazing 

Crazing 

NR- 1-12 

Sound 

Sound 

Sound 

Sound 

Sound 

NR- 1-10 

Sound 

Sound 

Sound 

Crazing 

Crazing 

PVC-3A-25 

Type  V  arctic 

C 

May 

'57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-26 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-27 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-24 

Type  IV  arctic 

C 

May 

'57 

Sound 

Badly  torn 

Completely  torn 

Completely  torn 

Completely  torn 

PVC-2A-23 

polyvinyl 

Sound 

Sound 

Sound 

Completely  torn 

Completely  torn 

PVC-2A-22 

chloride 

Sound 

Sound 

Sound 

Completely  torn 

Completely  torn 

PVC-2-3 

Type  IV  standard 

C 

May 

’57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-1 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-6 

Type  V  standard 

C 

May 

'57 

Sound 

Sound 

Concrete  cracked 

Concrete  cracked 

Sound 

PVC-3-5 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-4 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-l-18 

General  service 

A 

May 

■57 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR-1-17 

rubber 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR-l-16 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-21 

Polyvinyl  chloride 

D 

May 

’57 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-20 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-19 

Sound 

Sound 

Sound 

Sound 

Sound 

SR- 3-105 

General  service 

B 

Nov 

’57 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR- 3-104 

rubber  (3000-lb 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR- 3-103 

tensile  strength) 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR-2-102 

General  service 

B 

Nov 

’57 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR-2-101 

rubber  (2000 -lb 

Sound 

Sound 

Sound 

Crazing 

Crazing 

SR- 2 -100 

tensile  strength) 

Sound 

Sound 

Sound 

Crazing 

Crazing 

NR-2-99 

Natural  rubber 

B 

Nov 

’57 

Sound 

Sound 

Sound 

Crazing 

Crazing 

NR-2-98 

(3500-lb  tensile 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-2-97 

strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-96 

Neoprene  rubber 

B 

Nov 

’57 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-95 

Sound 

Sound 

Sound 

Sound 

Sound 

NBOR-2-94 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL-1 -93 

Butyl  rubber 

B 

Nov 

’57 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL- 1-92 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL- 1-91 

Sound 

Sound 

Sound 

Sound 

Sound 

0 

150 

221 

362 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1957 

1958 

1959 

I960 

1961 

PVC-9A(2)  Polyvinyl  chloride 

E 

Aug  '58  --- 

Sound 

Sound 

Sound 

Sound 

(Continued) 


(Sheet  6) 


(Revised  Sept  1969) 
Table  1-WS  (Concluded) 


Section  30 
Exposure  Rack,  Row  2  (W  to  E) 


O 


Specimen 

No. 

Description 

Manu¬ 

facturer 

Date 

In¬ 

stalled 

Condition 

of  Embedded  Specimens,  1962-1964 

522  Cycles,  1962 

628  Cycles, 

1963 

763  Cycles,  1964 

NEOR-1-15 

Neoprene  rubber 

A 

May 

'57 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked ) 

Disintegrated 

NEOR-1-14 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked ) 

Disintegrated 

NEOR-1-13 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked ) 

Disintegrated 

FVC-4-7 

Polyvinyl  chloride 

A 

May 

'57 

Sound 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-4-6 

Sound 

Sound 

Disintegrated 

FVC-4-5 

Sound 

Sound 

Disintegrated 

NR -1-11 

Natural  rubber 

A 

May 

’57 

Crazing 

Crazing 

Disintegrated 

NR-1-12 

Sound 

Sound  (concrete 

cracked ) 

Disintegrated 

NR-1-10 

Crazing 

Crazing 

Disintegrated 

PVC-3A-25 

Type  V  arctic 

C 

May 

'57 

Scund 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-3A-26 

polyvinyl 

Sound 

Sound 

Disintegrated 

PVC-3A-27 

chloride 

Sound 

Sound 

Disintegrated 

PVC-2A-24 

Type  IV  arctic 

c 

May 

'57 

Completely  torn 

Completely  torn 

Disintegrated 

PVC-2A-23 

polyvinyl 

Completely  torn 

Completely  torn 

Disintegrated 

PVC-2A-22 

chloride 

Completely  torn 

Completely  torn 

Disintegrated 

PVC-2-3 

Type  IV  standard 

c 

May 

'57 

Sound 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-2-2 

polyvinyl 

Sound 

Sound 

Disintegrated 

PVC-2-1 

chloride 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-3-6 

Type  V  standard 

c 

May 

'57 

Sounc  ( concrete  cracked ) 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-3-5 

polyvinyl 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked) 

Disintegrated 

FVC-3-4 

chloride 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked ) 

Disintegrated 

SR -1-18 

General  service 

A 

May 

’57 

Crazing  (concrete 

Crazing 

Disintegrated 

rubber 

cracked) 

SR-1-17 

Crazing 

Crazing 

Disintegrated 

SR- 1-16 

Sound 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-5-21 

Polyvinyl  chloride 

D 

May 

'57 

Sound 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-5-20 

Sound  (concrete  cracked) 

Sound  (concrete 

cracked ) 

Disintegrated 

PVC-5-19 

Sound 

Sound  (concrete 

cracked ) 

Disintegrated 

SR-3-105 

General  service 

B 

Nov 

'57 

Crazing  (concrete 

Crazing 

Disintegrated 

rubber  ( 3000-lb 

cracked ) 

SR-3-10U 

tensile  strength) 

Crazing  (concrete 

Crazing 

Disintegrated 

cracked) 

SR-3-103 

Crazing 

Crazing 

Disintegrated 

SR-2-102 

General  service 

B 

Nov 

'57 

Crazing 

Crazing 

Disintegrated 

SR -2- 101 

rubber  ( 2000- lb 

Crazing 

Crazing 

Disintegrated 

SF-2-100 

tensile  strength) 

Crazing 

Crazing 

Disintegrated 

NR -2-99 

Natural  rubber 

B 

Nov 

'57 

Crazing 

Crazing 

Disintegrated 

NR -2-98 

(3500-lb  tensile 

Sound 

Sound 

Disintegrated 

NR-2-97 

strength ) 

Sound 

Sound 

Disintegrated 

NBOF-w-96 

Neoprene  rubber 

B 

Nov 

'57 

Sound 

Sound 

Disintegrated 

NEOR-2-95 

Sound 

Sound 

Disintegrated 

raOR-2-91* 

Sound 

Sound 

Disintegrated 

BUTYL- 1-93 

Butyl  rubber 

B 

Nov 

’57 

Sound 

Sound 

Disintegrated 

BUTYL-1-92 

Sound 

Sound 

Disintegrated 

BUTYL- 1-91 

Sound 

Sound 

Disintegrated 

FVC-9A(2)  Polyvinyl  chloride 


1.51  Cycles ,  1962 

557  Cycles,  1963 

692  Cycles, 

E 

Aug  ’58  Sound 

Sound 

Disintegrated 

O 


(Sheet  7) 


(Revised  Sept  1969) 


Table  2-WS  Section  30 

Record  of  Observation  of  Unstressed,  Bent,  and  Embedded  Specimens,  Nonmetallic  Waterstop  Investigation 

St.  Augustine  Exposure 

1937- _ (installed  November  1937  Except  Where  Otherwise  Indicated) 


Condition 


Specimen  No. 

Description 

Manufac 

turer 

of  Unstressed 
Specimens,  1957-1960 

Condition 

Specimens, 

of  Bent 
1957-1960 

Condition  of 
Specimens, 

Embedded 

1957-1960 

1957 

I960 

.  J-257 

w 

19b0 

1957 

1??B 

I960 

NR-1-1  4  64 

Natural  rubber 

A 

Sound 

Sound 

Lost* ** 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NR-1-2  8c  65 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NR-1-3  4  66 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NR-2-1  4  82 

Natural  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NR-2-2  4  83 

(3500-lb  tensile 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Crazing 

NR-2-3  4  84 

strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

SR-1-1  4  70 

General  service 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

SR-1-2  4  71 

rubber 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

SR-1-3  4  72 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

SR-2-1  4  85 

General  service 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

SR-2-2  4  86 

rubber  (2000 -lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Crazing 

SR-2-3  4  87 

tensile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Cracked 

Sound 

Sound 

Crazing 

SR- 3-1  4  88 

General  service 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

SR-3-2  4  89 

rubber  (3000-lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Cracked 

Sound 

Sound 

Sound 

SR- 3-3  4  go 

tensile  strength) 

Sound 

Sound 

Lost 

Sound 

Sound 

Cracked 

Sound 

Sound 

Sound 

NEOR-1-1  4  67 

Neoprene  rubber 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NEOR-1-2  4  68 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NEOR-1-3  4  69 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

NEOR-2-1  4  79 

Neoprene  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

HEOR-2-2  4  80 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-2-3  4  81 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL-1-1  4  76 

Butyl  rubber 

B 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

BUTYL-1-2  4  77 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

BUTYL-1-3  4  70 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-2-1  4  55 

Type  IV  standard 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

P VC-2-2  4  56 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-2-3  4  57 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

t 

PVC-3-1  4  58 

Type  V  standard 

C 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-3-2  4  59 

polyvinyl 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-3-3  4  60 

chloride 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-4-1  4  61 

Polyvinyl  chloride 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-4-2  4  62 

Sound 

Sound 

6ound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-4-3  4  63 

Sound 

Sound 

Lost 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-5-1  4  73 

Polyvinyl  chloride 

D 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-5-2  4  71 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-5-3  -4  75 

Sound 

Sound 

Sound 

Sound 

Sound 

Lost 

Sound 

Sound 

Sound 

PVC-9A(2)  4  91 

Polyvinyl  chloride 

E 

** 

Sound 

Lost 

** 

Sound 

Lost 

Sound 

Sound 

Condition 


of  Unstressed 
Specimens,  1962- I96U 

Condition 

Specimens, 

of  Bent 
1962-1961* 

Condition 

Specimens 

of  Qnbedded 
,  1962-1964 

1962  196^ 

196^ 

1962 

HR-1-1  4  64 

Natural  rubber 

A 

Crazing 

Crazing 

HR-1-2  4  65 

Crazing 

Crazing 

Crazing 

Crazing 

HR-1-3  4  66 

Crazing 

Crazing 

Crazing 

Crazing 

HR-2-1  4  82 

Natural  rubber 

B 

Crazing 

Crazing 

Crazing 

Crazing 

HR-2-2  4  83 

(3500-ib  tensile 

Crazing 

Crazing 

Crazing 

Crazing 

HR-2-3  4  84 

strengtn) 

Crazing 

Crazing 

Crazing 

Crazing 

8R-1-1  4  70 

General  service 

A 

Crazing 

Crazing 

Crazing 

Crazing 

3R-1-2  4  71 

rubber 

Crazing 

Crazing 

SR-1-3  4  72 

Crazing 

Crazing 

Crazing 

Crazing 

(Continued) 


*  Specimens  marked  "Lost"  have  disappeared  from  the  exposure  rack. 

**  Installed  Aug  1958- 

t  Specimen  completely  torn.  (Sheet  1) 


(Revised  Sept  1970) 
Table  2-WS  (Continued) 


Section  30 


Condition 

of 

Unstressed 

Condition  of 

Bent 

Condition  1 

of  Embedded 

Manufac - 

Specimens,  1962-1964 

Specimens,  1962-1964 

Specimens 

,  1962-1964 

Specimen  No. 

Description 

turer 

1962 

1964 

T962 

1964 

1962 

1964 

SR-2-1  &  85 

General  service 

B 

Cracked 

Cracked 

Crazing 

Crazing 

SR-2-2  8=  86 

rubber  (2000-lb 

Crazing 

Crazing 

Crazing 

Crazing 

SR-2-3  &  87 

tensile  strength) 

Crazing 

Cracked 

Cracked 

Lost 

Crazing 

Crazing 

SR-3-1  &  88 

General  service 

B 

Cracked 

Cracked 

Sound 

Sound 

SR-3-2  &  89 

rubber  ( 3000-lb 

Crazing 

Cracked 

Cracked 

Cracked 

Sound 

Sound 

SR-3-3  &  90 

tensile  strength) 

Cracked 

Cracked 

Sound 

Sound 

NE0R-1-1  &  67 

Neoprene  rubber 

A 

Sound 

Sound 

Crazing 

Crazing 

NEOR-1-2  &  68 

Sound 

Sound 

Crazing 

Crazing 

NEOR-1-3  Sc  69 

Sound 

Sound 

Crazing 

Crazing 

NEOR-2-1  &  79 

Neoprene  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Crazing 

Crazing 

NEOR-2-2  &  80 

Sound 

Sound 

Sound 

Sound 

Crazing 

Crazing 

NEOR-2-3  8c  81 

Sound 

Sound 

Cracked 

Cracked 

Crazing 

Crazing 

BOTYL-l-l  8c  76 

Butyl  rubber 

B 

Crazing 

Crazing 

BlfTYL-1-2  &  77 

Crazing 

Crazing 

BUTYL-1-3  8c  78 

Crazing 

Crazing 

PVC-2-1  &  55 

Type  IV  standard 

C 

Sound 

Lost 

Crazing 

Crazing 

pvo-2-2  &  56 

polyvinyl 

Sound 

Lost 

Crazing 

Crazing 

PVC-2-3  &  57 

chloride 

Sound 

Lost 

Crazing 

Crazing 

PVC-3-1  8c  58 

Type  V  standard 

C 

Crazing 

Crazing 

PVC-3-2  &  59 

polyvinyl 

Crazing 

Crazing 

PVC-3-3  8c  60 

chloride 

Crazing 

Crazing 

PVC-4-1  8c  61 

Polyvinyl  chloride 

A 

Sound 

Sound 

Crazing 

Crazing 

PVC-4-2  8c  62 

Sound 

Sound 

Crazing 

Crazing 

PVC-4-3  8c  63 

Crazing 

Crazing 

PVC-5-1  &  73 

Polyvinyl  chloride 

D 

Sound 

Sound 

Crazing 

Crazing 

pvc-5-2  &  74 

Sound 

Sound 

Crazing 

Crazing 

PVC-5-3  &  75 

Sound 

Sound 

Crazing 

Crazing 

PVC-9A(2)  8c  91 

Polyvinyl  chloride 

E 

Crazing 

Crazing 

Condition 

of  Unstressed 

Condition  of  Bent 

Condition 

of  Qnbedded 

Specimens 

Specimens 

Specimens 

,  1966-1970 

1966 

1966 

1966 

19W  and  1970 

NR-1-1  &  64 

Natural  rubber 

A 

tt 

NR-1-2  8c  65 

tt 

tt 

NR-1-3  8c  66 

ft 

Crazing 

Crazing* 

NR-2-1  Sc  82 

Natural  rv'Ker 

B 

tt 

tt 

NR-2-2  8c  83 

(350v-lb  tei.jile 

tt 

tt 

NR-2-3  84 

strength) 

tt 

Crazing 

Craz ing* 

3R-1-1  &  70 

General  service 

A 

tt 

tt 

3R-1-2  &  71 

rubber 

tt 

tt 

SR- 1-3  &  72 

tt 

Crazing 

Crazing* 

3R-2-1  Sc  85 

General  service 

B 

tt 

tt 

3R-2-2  Sc  86 

rubber  (2000- lb 

tt 

tt 

SR-2-3  8c  87 

tensile  strength) 

tt 

Crazing 

Crazing* 

SR-3-1  Sc  88 

General  service 

B 

tt 

tt 

SR-3-2  Sr.  89 

rubber  (3000- lb 

tt 

Lost 

tt 

SR-3-3  &  90 

tensile  strength) 

tt 

Lost 

Sound 

Crazing* 

NE0R-1-1  &  67 

Neoprene  rubber 

A 

tt 

tt 

NEOR-1-2  Sc  68 

tt 

tt 

NEOR-1-3  8c  69 

tt 

Crazing 

Craz ing* 

ft  Returned  to  laboratory  in  June  1966  for  tests 
♦  Exposure  discontinued  in  1970. 


(Continued) 


(Revised  Sept  1970) 
Table  2-WS  (Concluded) 


Section  30 


Condition 

of  Uns tressed 

Condition  of  Bent 

Condition  of  Embedded 

Manufac- 

Specijnens 

Specimens 

Specimens,  1966-1970 

Specimen  No. 

Description 

turer 

1966 

1966 

1955 

1968  and  1970 

NEOR-2-1  &  79 

Neoprene  rubber 

B 

tt 

Lost 

tt 

NEOR-2-2  &  80 

tt 

Lost 

tt 

NE0R-2-3  Sc  81 

tt 

Lost 

Crazing 

Crazing* 

BOTYL-l-l  Sc  76 

Butyl  rubber 

B 

tt 

BUTYL- 1-2  &  77 

tt 

BUTYL-l-3  Sc  78 

Crazing 

Crazing* 

FVC-2-1  &  55 

Type  IV  standard 

C 

tt 

tVC-2-2  Sc  56 

polyvinyl 

tt 

FVC-2-3  &  57 

chloride 

Crazing 

Completely 

torn* 

pvc-3-1  &  58 

Type  V  standard 

C 

tt 

PVC-3-2  &  59 

polyvinyl 

tt 

PVC-3-3  Sc  60 

chloride 

Crazing 

Crazing* 

WC-4-1  4  61 

Polyvinyl  chloride 

A 

tt 

tt 

IVC-4-2  Sc  62 

tt 

tt 

WC-U-3  4  63 

Crazing 

Crazing* 

FVC-5-1  &  73 

Polyvinyl  chloride 

D 

tt 

tt 

PVC-5-2  Sc  7h 

tt 

tt 

PVC-5-3  &  75 

tt 

Crazing 

Crazing* 

PVC-9A(2)  &  91 

Polyvinyl  chloride 

E 

tt 

tt  Returned  to  laboratory  in  June  1966  for  tests. 
*  Exposure  discontinued  in  1970. 


ISheet  3^ 


(Revised  Jan  1972) 

Table  3-WS 

Record  of  Observations  of  Unstressed  and  Bent  Specimens,  Nonmetallic  Waterstop  Investigation 

Jackson  Indoor  Exposure 
1937-  (Installed  1957) 


Section  30 


WES 


Specimen 

Manu¬ 

Condition  of  Unstressed  Specimens, 

1957- 

No. 

Description 

facturer 

1?57 

1?5B 

1252. 

I960 

1^62 

1?E3 

196Ij 

l?fc5 

1266 

1970** 

NR-1-1 

Natural  rubber 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR -1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NR- 1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NR-2-1 

Natural  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-2-2 

( 3500-lb  tensile 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NR-2-3 

strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-1-1 

General  service 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR -1-2 

rubber 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-2-1 

General  service 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR- 2 -2 

rubber  (2000-lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-2-3 

tensile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-3-1 

General  service 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

sr-3-2 

rut her  (3000- lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-3-3 

tersile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NE0R-1-1 

Neoprene  rubber 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

# 

NE0R-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NEOR-2-1 

Neoprene  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-2-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NEOR-2-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

BUTYL-1-1 

Butyl  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL- 1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

BUTYL-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2-1 

Type  IV  standard 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2A-1 

Type  IV  arctic 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3-1 

Type  V  standard 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3A-1 

Type  V  arctic 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-4-1 

Polyvinyl  chloride 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-4-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-4-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-5-1 

Polyvinyl  chloride 

D 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-5-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

*  Removed  from  exposure  in  June  1966  for  tests. 

**  The  condition  of  all  of  these  specimens  was  the  same  in  1967,  1968,  1969,  and  1970. 


i 


(Sheet  1) 


NR-1-1 

Natural  rubber 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NR-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NR-2-1 

Natural  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NR-2-2 

(3500- lb  tensile 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NR-2-3 

strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-1-1 

General  service 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-1-2 

rubber 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR- 1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-2-1 

General  service 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR -2-2 

rubber  (2000-lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-2-3 

tensile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-3-1 

General  service 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

SR-3-2 

rubber  (3000-lb 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

SR-3-3 

tensile  strength) 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NE0R-1-1 

Neoprene  rubber 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NEOR-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NE0R-1-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NEOR-2-1 

Neoprene  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

NE0R-2-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

NE0R-2-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

BUTYL-1-1 

Butyl  rubber 

B 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

BUTYL-1-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

BUTYL-1- 3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2-1 

Type  IV  standard 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2A-1 

Type  IV  arctic 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-2A-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-2A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3-1 

Type  V  standard 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3A-1 

Type  V  arctic 

C 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-3A-2 

polyvinyl 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-3A-3 

chloride 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-U-1 

Polyvinyl  chloride 

A 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-U-2 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-U-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

PVC-5-1 

Polyvinyl  chloride 

D 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

PVC-5-2 

Sound 

Sound 

Sound 

Sound 

Round 

Sound 

Sound 

Sound 

* 

PVC-5-3 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

Sound 

* 

*  Removed  fra n  exposure  in  June  1966  for  tests. 

**  The  condition  of  all  of  these  specimens  was  the  same  in  1967,  1968,  1969,  and  1970.  (Sheet  2) 


(Revised  Jan  1972) 

Table  4-WS  Section 

Record  of  Observations  of  Unstressed,  Bent,  and  Qnbedded  Specimens,  Nonmetallic  Waterstop  Investigation 


Jackson  Outdoor  Exposure 
1957-  (Installed  1957) 


Specimen 

Manu¬ 

Condition* 

of  Unstressed  Specimens. 

1  1?57- 

No. 

Description 

facturer 

1957  1958 

1?59 

1^60 

1962 

1963 

1964 

1065  1966 

I967 

196a 

"W 

1970 

NR- 1-1 

Natural  rubber 

A 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

NR-1-2 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

NR-1-3 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

*-# 

NR-2-1 

Natural  rubber 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

NR-2-2 

(3500-lb  tensile 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*-* 

NR-2-3 

strength) 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

SR-1-1 

General  service 

A 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

SR-1-2 

rubber 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

#■* 

SR-1-3 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

*■* 

SR-2-1 

General  service 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

SR- 2 -2 

rubber  (2000-lb 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*# 

SR-2-3 

tensile  strength) 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

SR-3-1 

General  service 

B 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

SR-3-2 

rubber  (3000-lb 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

SR-3-3 

tensile  strength) 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

NEOR-1-1 

Neoprene  rubber 

A 

Sd 

Sd 

Sd 

Sd 

Crz 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

NEOR-1-2 

Sd 

Sd 

Sd 

Sd 

Crz 

Sd 

Sd 

Sd 

*■* 

NEOR-1-3 

Sd 

Sd 

Sd 

Sd 

Crz 

Sd 

Sd 

Sd 

*-# 

NEOR-2-1 

Neoprene  rubber 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

NEOR-2-2 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

#■* 

NEOR-2-3 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*■* 

BUTYL-1-1 

Butyl  rubber 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

BUTYL- 1-2 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

BUTYL- 1-3 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-2-1 

Type  IV  standard 

C 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-2-2 

polyvinyl 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

*-* 

PVC-2-3 

chloride 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

*-# 

PVC-2A-1 

Type  IV  arctic 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

PVC-2A-2 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-2A-3 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-3-1 

Type  V  standard 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-3-2 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*-* 

PVC-3-3 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-3A-1 

Type  V  arctic 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

PVC-3A-2 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-3A-3 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-U-1 

Polyvinyl  chloride 

A 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-U-2 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

PVC-U-3 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crr 

** 

PVC-5-1 

Polyvinyl  chloride 

A 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-5-2 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

PVC-5-3 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

*-* 

(Continued) 

*  Conditions  are  described  as  sound  (SD),  crazing  (Crz). 

**  Removed  from  exposure  in  June  1966  for  tests. 
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Section  30 


Specimen  Manu-  Condition*  of  Bent  Specimens,  1957-  197’T 


No. 

Description 

facturer 

1957 

1958 

i960 

1962  196~ 

196U  1963  19b6  1967  1968  1969 

1970 

1971 

NR- 1-1 

Natural  rubber 

A 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

NR-1-2 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

** 

NR-1-3 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

** 

NR-2-1 

Natural  rubber 

B 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

NR-2-2 

(3500-lb  tensile 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

NR-2-3 

strength) 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

SR-1-1 

General  service 

A 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

SR-1-2 

rubber 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

** 

SR-1-3 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

** 

SR-2-1 

General  serivce 

B 

Sd 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

SR-2-2 

rubber  (2000-lb 

Sd 

Crz 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

*-* 

SR-2-3 

tensile  strength) 

Sd 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

** 

SR-3-1 

General  service 

B 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

SR-3-2 

rubber  (3000-lb 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

** 

sr-3-3 

tensile  strength) 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

** 

NE0R-1-1 

Neoprene  rubber 

A 

Sd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

NE0R-1-2 

Sd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

** 

NE0R-1-3 

Sd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

** 

NEOR-2-1 

Neoprene  rubber 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

NEOR-2-2 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

NEOR-2-3 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*-* 

BUTYL-1-1 

Butyl  rubber 

B 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

BUTYL- 1-2 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

*-* 

BUTYL-1-3 

Sd 

Crz 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

** 

PVC-2-1 

Type  IV  standard 

C 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-2-2 

polyvinyl 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-2-3 

chloride 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

«-* 

PVC-2A-1 

Type  IV  arctic 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

PVC-2A-2 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*-# 

PVC-2A-3 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

#* 

PVC-3-1 

Type  V  standard 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-3-2 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

** 

PVC-3-3 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

«-» 

PVC-3A-1 

Type  V  arctic 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

PVC-3A-2 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*■* 

PVC-3A-3 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

## 

PVC-b-l 

Polyvinyl  chloride 

A 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

FVC-U-2 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

«-» 

PVC-U-3 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

#-* 

PVC-5-1 

Polyvinyl  chloride 

A 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-5-2 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

** 

PVC-5-3 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crr 

*-* 

(Continued) 

*  Conditions  are  described  as  sound  (8D),  crazing  (Crz),  cracked  (Cd),  and  badly  cracked  (B  cd). 
**  Removed  fran  exposure  in  June  1966  for  tests. 
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Table  4-WS  (Concluded)  Section  30 


Specimen 

Manu- 

Condition* ** 

of  Bnbeddeu  Specimens,  1957-1971 

No. 

Description 

facturer 

1?57 

1958  1959 

I960 

1962 

1963  1964  1965  1966  1967 

1968  1969 

1970 

1?71 

NR- 1-37 

Natural  rubber 

A 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

nr-i-38 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

*-* 

NR-1-39 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

NR -2-112 

Natural  rubber 

B 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

NR-2-113 

(3500-lb  tensile 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

NR-2-114 

strength) 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

** 

SR-I-I13 

General  service 

A 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

C  tn 

** 

SR-1-44 

rubber 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

C  tn 

*■# 

SR-1-U5 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

B  cd 

B  cd 

C  tn 

SR-2-115 

General  service 

B 

Sd 

Tn 

C  tn 

SR-2-116 

rubber  (2000-lb 

Sd 

Tn 

C  tn 

SR-2-117 

tensile  strength) 

Sd 

Tn 

C  tn 

SR-3-118 

General  service 

B 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

Tn 

Tn 

C  tn 

** 

SR-3-H9 

rubber  (3000-lb 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

Tn 

Tn 

C  tn 

**■ 

SR- 3 -120 

tensile  strength) 

Sd 

Cd 

B  cd 

B  cd 

B  cd 

Tn 

Tn 

C  tn 

*-*■ 

NEOR-1-40 

Neoprene  rubber 

A 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

RE0R-1-41 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

NEOR-1-42 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

#■# 

NE0R-2-109 

Neoprene  rubber 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

NE0R-2-110 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

*-* 

NE0R-2-111 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

*-* 

BUTyL-1-106 

Butyl  rubber 

B 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

BUTYL- 1-107 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

BUTYL-1-108 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

PVC-2-28 

Type  IV  standard 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

Crz 

PVC-2-29 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

** 

PVC-2-30 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

Crz 

*-* 

PVC-2A-49 

Type  IV  arctic 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

PVC-2A-50 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

#■* 

PVC-2A-51 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-3-31 

Type  V  standard 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

PVC-3-32 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

pvc-3-33 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-3A-52 

Type  V  arctic 

C 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

PVC-3A-53 

polyvinyl 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

*-* 

PVC-3A-54 

chloride 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd  • 

** 

PVC-4-34 

Polyvinyl  chloride 

A 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

PVC-4-35 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

+* 

PVC-4-36 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-5-46 

Polyvinyl  chloride 

D 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Crz 

Crz 

PVC-5-47 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

PVC-5-48 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

Sd 

** 

*  Conditions  are  described  as  sound  (Sd),  cracked  (Cd),  torn  (Tn),  badly  cracked  (B  cd),  completely  torn  (C  tn),  and 
crazing  (Crz). 

**  Removed  from  exposure  in  June  1966  for  tests. 
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Section  31 


Woven  Plastic  Test  Program 


The  purpose  of  this  investigation  is  to  evaluate  the  durability  of 
two  types  of  woven  plastic  filter  material  under  three  exposure  conditions. 

The  test  specimens  are  13-in. -square  pieces  of  woven  plastic  and  are 
exposed  at  two  locations:  Treat  Island,  Maine,  and  Jackson,  Mississippi 
( indoors) . 

1963  Treat  Island  installation 

In  November  1963,  160  woven  plastic  pieces  were  installed  at  the  Treat 
Island  exposure  station.  Eighty  pieces  were  installed  in  thin  redwood 
frames  (two  pieces  per  frame)  with  a  nominal  1-in.  space  between  them  for 
circulation  of  air.  The  redwood  frames  were  contained  in  one  long  redwood 
box,  slatted  to  permit  circulation  of  air  and  seawater;  the  top  of  the  box 
had  an  overhang,  and  baffles  were  provided  to  shade  the  plastic  pieces  from 
the  sun  at  all  times.  The  remaining  80  pieces  were  installed  flat  in  two 
redwood  boxes  with  a  2-in.  layer  of  pea  gravel  top  and  bottom. 

1963  Jackson  installation 

In  November  1963j  80  woven  plastic  pieces  were  installed  indoors  at 
the  WES  Jackson  installation.  These  specimens  were  installed  in  thin  red¬ 
wood  frames  contained  in  a  long  redwood  box  as  were  one  set  of  the  com¬ 
panion  specimens  at  Treat  Island. 

Loss  of  test  specimens 

In  July  1966,  60  specimens  in  redwood  frames  were  lost  overboard  (two 
plastic  pieces  per  frame).  At  that  time,  20  of  the  frame  specimens  had 
already  been  returned  to  the  laboratory  for  testing. 

1967  Treat  Island  installation 

In  April  1967,  80  woven  plastic  pieces  were  installed  at  the  Treat 
Island  exposure  station.  All  of  these  were  installed  in  thin  redwood 
frames  (two  pieces  per  frame)  with  a  nominal  1-in.  space  between  them  for 
circulation  of  air.  As  in  the  1963  installation,  the  redwood  frames  were 
contained  in  one  long  redwood  box,  slatted  to  permit  circulation  of  air 
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and  seawater.  Baffles  were  provided  to  shade  the  plastic  pieces  from  the 
sun  at  all  times.  This  installation  replaced  the  specimens  lost  overboard 
in  July  19 66. 

Schedule  of  testing  (from  May  1967) 

Every  6  months  until  November  1969 ,  12  specimens  were  removed  from 
their  exposure  (four  from  Jackson,  eight  from  Treat  Island)  and  tested  in 
the  laboratory  (see  table  1-WPF). 

In  January  1970,  this  phase  of  the  investigation  was  terminated.  At 
that  time  only  64  specimens  remained  under  test:  32  were  in  the  pea  gravel 
boxes  at  Treat  Island  and  32  were  in  frames  (indoors)  at  the  laboratory. 
1970  installation 

In  March  1970,  22  plastic  pieces  were  installed  at  Treat  Island  in 
redwood  frames.  This  installation  represented  four  additional  types  of 
plastic,  three  of  which  were  woven  plastics  (see  table  1-WPF).  The  sched¬ 
ule  for  laboratory  testing  of  these  samples  has  not  yet  been  established. 
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Table  1-WPF 

Woven  Plastic  Test  Program  Summary 


No.  of 
Specimens 

Exposure  1 

Conditions 

Woven 

Plastic 

No.  of  Specimens  to 
be  Removed  from 
Exposure  and  Tested 
Every  6  months 

Exposed  at  Treat 

Island,  Maine  (installed  November  1963) 

40* 

Wooden  frames, 

vertical 

Type  F 

0 

40* 

Wooden  frames, 

vertical 

Type  P 

0 

4o 

Horizontal,  pea  gravel.  Box  F 

Type  F 

2 

4o 

Horizontal,  pea  gravel,  Box  P 

Type  P 

2 

Exposed  at  Jackson, 

Miss,  (indoors)  (installed 

November  1963) 

4o 

Wooden  frames. 

vertical 

Type  F 

2 

4o 

Wooden  frames. 

vertical 

Type  P 

2 

Exposed  at  Treat 

Island,  Maine 

(Installed  April  1967) 

4ot 

Wooden  frames, 

vertical 

Type  F 

2*-* 

4ot 

Wooden  frames, 

vertical 

Type  P 

2 ** 

Exposed  at  Treat 

Island,  Maine 

(installed  March  1970) 

1 

Wooden  frames, 

vertical 

Type  F 

1 

Wooden  frames, 

vertical 

Type  P 

10 

Wooden  frames, 

vertical 

Type  L 

4 

Wooden  frames, 

vertical 

Type  PM  (not  a  woven  plastic) 

2 

Wooden  frames, 

vertical 

Type  PGB 

4 

Wooden  frames. 

vertical 

Type  Z 

*  Thirty  of  these  specimens  were  lost  overboard  in  July  1 966.  Ten  of 
these  specimens  had  been  sent  back  to  the  laboratory  for  testing  prior 
to  July  1966. 

**  Return  of  these  specimens  began  in  May  1967.  No  frame  specimens  were 
returned  from  Treat  Island  in  November  1966. 
t  Thirty  of  these  specimens  were  lost  overboard  in  a  storm  in  November 
1969.  Ten  specimens  have  been  tested  in  the  laboratory  after  exposure. 


(Revised  Jan  1972) 


Section  32 


National  Bureau  of  Standards  Supersulfate  Cement  Program 

In  November  1957,  27  concrete  beams  (3  by  4  by  16  in.)  were  installed 
on  the  exposure  rack  at  St.  Augustine  as  part  of  a  program  being  conducted 
by  the  National  Bureau  of  Standards  to  investigate  the  properties  of  con¬ 
crete  containing  supersulfate  cements . 

The  27  beams  represented  nine  cements  (3  beams  per  cement);  other 
concrete  characteristics  were:  slump,  5+1  in.;  nominal  cement  factor, 

5.5  bags  per  cu  yd;  aggregates,  natural  sand  and  natural  gravel  of  1-in. 
maximum  size . 

Table  1-SS  lists  these  specimens  and  gives  their  exposure  record, 
along  with  their  cements . 

Data  collection  on  these  specimens  was  discontinued  after  the  1970 
inspection. 
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Table  1-SS  Section  32 

Record  of  Testing  of  Concrete  Beams,  Supersulfate 
Cement  Program 

1937- _ (installed  November  1937) 


Cementitious  Material  1937-1964  Readings 


Beam 

No. 

Type 

Serial 

No. 

1957 

$E 

195a 

$E 

I960 

JE_ 

1962 

1964 

<3te 

1SS1 

Supersulfate  cement 

1 

100 

113 

103 

99 

102 

1SS2 

100 

115 

104 

102 

104 

1SS3 

100 

114 

100 

99 

102 

2SS1 

Supersulfate  cement 

2 

100 

109 

109 

103 

105 

2SS2 

100 

110 

112 

107 

106 

2SS3 

100 

109 

110 

105 

109 

3SS1 

Supersulfate  cement 

3 

100 

119 

113 

106 

107 

3SS2 

100 

119 

111 

104 

105 

3SS3 

100 

121 

111 

105 

106 

4ssi 

Supersulfate  cement 

4 

100 

116 

102 

99 

101 

4SS2 

100 

118 

110 

106 

109 

4SS3 

100 

117 

110 

106 

108 

5SS1 

Supersulfate  cement 

5 

100 

109 

109 

100’ 

105 

5SS2 

100 

109 

110 

io4 

106 

5SS3 

100 

109 

109 

105 

106 

6SS1 

Portland,  blast-furnace  slag 

6 

100 

113 

109 

94 

84 

6SS2 

100 

113 

109 

93 

Failed 

6SS3 

100 

112 

107 

96 

95 

7SS1 

Type  V 

7 

100 

113 

102 

97 

100 

7SS2 

100 

112 

101 

99 

99 

7SS3 

100 

111 

102 

99 

101 

8ssi 

Portland-pozzolan  blend 

8 

100 

112 

110 

99 

105 

8SS2 

100 

113 

106 

102 

107 

8SS3 

100 

112 

108 

* 

9SS1 

High-alumina  cement 

9 

100 

112 

105 

101 

108 

9SS2 

100 

112 

102 

101 

107 

9SS3 

100 

114 

105 

105 

110 

*  Broken  in  handling . 


(Continued) 


(Sheet  1) 
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(Revised  Sept  1970) 
Table  1-SS  (Concluded) 


Cementitious  Material 


Serial 


Section  32 


Readings 


1SS1 

Supersulfate  cement 

1 

101 

97 

96 

1SS2 

103 

104 

102 

1SS3 

100 

104 

102 

2SS1 

Supersulfate  cement 

2 

105 

104 

104 

2SS2 

107 

101 

100 

2SS3 

108 

109 

108 

3SS1 

Supersulfate  cement 

3 

107 

105 

105 

3SS2 

104 

106 

106 

3SS3 

106 

101 

101 

4ssi 

Supersulfate  cement 

4 

100 

105 

104 

4SS2 

109 

112 

110 

4sS3 

107 

114 

112 

5SS1 

Supersulfate  cement 

5 

104 

105 

io4 

5SS2 

108 

107 

107 

5SS3 

106 

111 

Failed 

6ssi 

Portland,  blast-furnace  slag 

6 

Failed 

6SS3 

94 

86 

85 

7SS1 

Type  V 

7 

100 

99 

98 

7SS2 

99 

101 

99 

7SS3 

100 

102 

101 

8ssi 

Fortland-pozzolan  blend 

8 

111 

109 

108 

8s  S2 

* 

8ss3 

9SS1 

High-alumina  cement 

9 

109 

114 

Lost 

*  Broken  in  handling. 


(Sheet  2) 


(Issued  June  1959) 


Section  34 


Membrane  Curing  Program 

On  12  June  1946,  14  box  specimens  were  installed  on  top  of  the  wharf 
at  Treat  Island,  Maine.  Exposure  of  these  specimens  is  a  phase  of  the  in¬ 
vestigation  of  the  effect  of  method  of  curing  on  the  durability  of  vertical 
concrete  surfaces.  Each  of  the  specimens  is  a  hollow,  monolithic,  concrete 
box  with  exterior  vertical  surfaces  24  in.  wide  and  20  in.  high  and  with 
hollow,  tapered,  prismoidal  centers  18  in.  square  at  the  top  and  14  in. 
square  at  the  bottom. 

The  specimens  were  made  during  the  winter  of  1942-43  and  were  formed 
out-of-doors,  on  the  ground,  at  the  moderate  weathering  exposure  installa¬ 
tion  at  Mount  Vernon,  N.  Y.  Each  pair  of  adjacent  exterior  vertical  sur¬ 
faces  represented  a  given  test  condition  and  the  edge  between  each  pair  of 
similar  surfaces  was  oriented  in  an  east  or  west  direction.  The  hollow 
centers  were  filled  with  earth. 

After  two  and  one-half  winters  of  moderate  weathering  exposure  (ap¬ 
proximately  250  cycles  of  freezing-and-thawing),  the  specimens  were  emptied 
of  earth  and  transferred  to  Treat  Island,  installed  on  top  of  the  wharf 
with  the  same  orientation  as  previously  employed,  and  the  centers  were  re¬ 
filled  with  earth. 

Table  1-MCP  lists  these  specimens  and  gives  their  present  condition 
along  with  other  pertinent  information. 


(Revised  August  1977) 
Table  1-MCP 


Section  34 


Record  of  Testing  of  Box  Specimens,  Membrane  Curing  Program 
1959-  (Installed  June  1946) 


Condition  of  Specimens,  1959-1961 

Curing  13  Winters  l4  Winters  15  Winters 


Box 

East 

West 

Admixture 

Material 

Form 

I960 

1961 

No. 

Corner 

Corner 

East 

West 

Cement 

East 

* 

■E33BB 

1 '  m 

East 

West 

East 

West 

1 

GVRW 

GW 

Resin 

None 

A 

Water 

Water 

T-and-G* 

Excel** 

Excel 

Excel 

Excel 

Excel 

Excel 

2 

GVRCCW 

GVRAHW 

Resin 

♦  CC 

Resin 

+  AH 

A 

Water 

Water 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

3 

GCCJW 

GCCW 

Resin 

soap 

CC 

A 

Water 

Water 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

4 

GJW 

Resin 

soap 

Resin 

soap 

A 

Water 

Water 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

5 

AC 

None 

None 

B 

Air 

Air 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

6 

CAC 

CWC 

None 

None 

B 

Air 

Water 

Lining  A 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

7 

RAC 

PWC 

None 

None 

B 

Air 

Water 

Lining  B 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

8 

AHAC 

AH 

AH 

B 

Air 

Air 

T-and-G 

SI  ckt 

Excel 

SI  ck 

Excel 

Excel 

Excel 

9 

B-3 

B-l 

None 

None 

B 

HPB 

RG 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

10 

b-8 

B-2 

None 

None 

B 

KC70 

HPC 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

11 

B-25 

B-23 

None 

None 

B 

SPl»5H 

CSU5 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

12 

B-2U 

B-29 

None 

None 

B 

SFU5 

DSA 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

13 

B-17 

B-28 

None 

None 

B 

AFMST 

PENC 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

14 

B-18 

B-30 

None 

None 

B 

A1C 

TFX199 

T-and-G 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

_ Condition  of  Specimens,  1962-1972 _ _ 

16  Winters  17  Winters  l8  Winters  I9"  Winters  20  Winters  24  Winters  25  Winters  26  Winters 


1962  1963  1964  1965  1966  1970**  1971  1972 


East 

West 

East 

West 

East 

West 

East 

West 

East 

West 

East 

West 

East 

West 

East 

West 

1 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

2 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

3 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

4 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

5 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

6 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

7 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

8 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

9 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

10 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

11 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

12 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

13 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

14 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Condition  of  Specimens,  1973- 


27  Winters 
_ 1913 _ 

28  Winters 
1974 

29  Winters 
_ 1975 _ 

30  Winters 
_ 1976 _ 

31  Winters 
_ 1222 _ 

East 

West 

East 

West 

East 

West 

East 

West 

East 

West 

1 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

2 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Steel 

Excel 

3 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

4 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

5 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Excel 

Steel 

6 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

7 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

8 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Excel 

Steel 

9 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Excel 

Excel 

Steel 

10 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Excel 

Excel 

Steel 

11 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Steel 

Steel 

Steel 

12 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

13 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Steel 

Excel 

14 

Excel 

Excel 

Excel 

Excel 

Excel 

Steel 

Steel 

Steel 

Steel 

Steel 

*  Tongue -and-groove  lumber. 

**  Excel  denotes  excellent, 
t  SI  ck  denotes  slight  crack. 

tt  Condition  of  the  specimens  did  not  change  from  1967  to  1971. 


(Corrected  Aug  1965) 


Section  35 


iualitj 


rregate  Investigation 


The  purpose  of  this  investigation  is  to  develop  satisfactory  test 
methods  for  evaluating  the  quality  of  aggregate  larger  than  the  l-l/2-in. 
size. 

During  the  period  1959-1962,  1 6  mass  concrete  cubes  (8  cu  ft)  were 
fabricated  for  field  exposure  tests  from  16  different  concrete  mixtures 
(one  cube  per  mixture).  All  cubes  were  made  of  air-entrained  concrete 
using  type  II  portland  cement,  a  6-in.  maximum  size  coarse  aggregate,  and 
a  manufactured  limestone  sand  as  the  fine  aggregate.  The  test  variables 
were  water-cement  ratio  and  kind  of  coarse  aggregate;  eight  coarse  aggre¬ 
gates  and  two  water-cement  ratios  were  used.  Each  cube  was  allowed  to 
reach  a  minimum  age  of  1  year  before  installation  at  Treat  Island. 

1962  Installation 


In  November  1962,  ten  of  these  concrete  cubes  were  installed  at  half- 
tide  elevation  on  the  beach  at  Treat  Island  for  field  exposure  tests. 

Table  1-QA  lists  these  specimens  and  gives  their  exposure  record  along 
with  pertinent  mixture  data. 

1963  Installation 


In  December  1963,  the  remaining  six  of  these  concrete  cubes  were 
installed  at  half-tide  elevation  on  the  beach  at  Treat  Island.  Table  2-QA 
lists  these  specimens  and  gives  their  exposure  record. 


o 


(Revised  August  1977) 

Table  1-QA 

Record  of  Testing  of  Cubes  Made  for  Quality  Aggregate  Investigation 


Section  35 


1962  Installation  (Installed  November  1962) 


Water - 
Cement 

Ratio  Air 


Cube 

No. 

Date  Made 

Coarse  Aggregate 

(by 

Wt) 

Content* 

* 

Slump* 

in. 

«-i 

Mar  1959 

Limestone  C 

0.5 

5.3 

1 

9-2 

July  1959 

Limestone  C 

0.8 

5-0 

1-3/4 

9-3 

June  1959 

Grayvacke 

0.5 

5.5 

1-3/4 

9-1* 

June  1959 

Grayvacke 

0.8 

5.!* 

2 

9-5 

Oct  1959 

Natural  gravel  A 

0.5 

5.2 

1-1/2 

9-6 

Oct  1959 

Natural  gravel  A 

0.8 

5.3 

2 

9-T 

Feb  I960 

Limestone  B 

0.5 

5.0 

1-3/4 

9-8 

Feb  I960 

Limestone  B 

0.8 

4.9 

1-1/4 

9-9 

Melt  I960 

Limestone  A 

0.5 

4.8 

1-1A 

Q-10 

Mar  I960 

Limestone  A 

0.8 

5-2 

1-3A 

9-1 

Mar  1959 

Limestone  C 

0.5 

5.3 

1 

9-3 

June  1959 

Grayvacke 

0.5 

5.5 

1-3A 

9-5 

Oct  1959 

Natural  gravel  A 

0.5 

5.2 

1-1/2 

9-7 

Feb  I960 

Limestone  B 

0.5 

5.0 

1-3A 

9-9 

Mar  I960 

Limestone  A 

0.5 

4.8 

1-1A 

9-10 

Mar  I960 

Limestone  A 

0.8 

5.2 

1-3A 

Beach  Row  2  (W  to  E) 

1$&2- 1966  headings 


0  Cycles 

1962 

Pulse 

Veloc  - 

fps  1st 

106 

Cycles 

1963 

p2 

V*.  K> 

404 

Cycles 

1965 

P2 

534 

Cycles 

1966 

.  P2 

690 

Cycles 

1967 

iv2 

875 

Cycles 

1968 

tv2 

17,315 

100 

104 

97 

103 

96 

88 

79 

16,065 

100 

65 

72 

41 

Failed 

13,515 

100 

108 

112 

126 

112 

no 

NR*** 

12,780 

100 

99 

102 

91 

46 

66 

Failed 

15,150 

100 

97 

100 

106 

97 

100 

100 

14,035 

100 

97 

89 

75 

51 

Failed 

16,000 

100 

102 

102 

108 

97 

90 

82 

15,150 

100 

77 

57 

NR** 

33t 

Failed 

16,600 

100 

94 

97 

101 

86 

82 

93 

16,065 

100 

96 

98 

81 

75 

79 

60 

1969-1977  Readings 


1029 

Cycles 

1969 

p2 

1182 

Cycles 

1970 

p 

1351 

Cycles 

1971 

P2 

1508 

Cycles 

1972 

p 2 

1648 

Cycles 

1973 

P2 

17SU 

Cycles 

1974 

p2 

1S9S 

Cycles 

1975 

P2 

2042 

Cycles 

1976 

P2 

Failed 

NR** 

NR** 

Failed 

73 

67 

58 

58 

ft 

27 

Failed 

56 

54 

29 

43 

ft 

17 

41 

Failed 

66 

64 

53 

65 

ft 

58 

56 

Failed 

42 

NR** 

Failed 

*  Air  content  and  slump  of  that  portion  of  the  concrete  containing  aggregate  smaller  than  l-i/2  in.  in  size. 

**  MR  ■  no  satisfactory  reading  was  obtained  due  to  condition  of  specimen;  however,  specimen  cannot  as  yet  be  adjudged  as 
"failed." 

t  This  reading  is  doubtful  because  of  deteriorated  condition  of  specimen, 
ft  Equipment  malfunctioned  in  1973. 


(Revised  August  1977) 

Table  2-QA  Section  35 

Record  of  Testing  of  Cubes  Made  for  Quality  Aggregate  Investigation 
1963  Installation  (installed  December  1963) 


Beach  Row  A-l  (W  to  E) 

19^3-1969  Readings 


Cube 

No. 

Date  Made 

Coarse  Aggregate 

Water- 

Cement 

Ratio 

(by 

Wt) 

Air 

Content* 

* 

Slump* 

in. 

0  Cycles 
_ 1213 _ 

121 

Cycles 

1964 

^v2 

284 

Cycles 

1965 

p2 

4l4 

Cycles 

1966 

tv2 

570 

Cycles 

1967 

tv2 

755 

Cycles 

1968 

tv2 

909 

Cycles 

1969 

fv2 

Pulse 

Veloc 

fps 

fi? 

4-11 

Aug  1962 

Dolomite 

0.5 

4.8 

1-1/2 

15,565 

100 

102 

119 

117 

88 

89 

73 

Q-12 

Aug  1962 

Dolomite 

0.8 

4.9 

1-1/2 

14,870 

100 

112 

110 

122 

51 

Failed 

4-13 

July  1962 

Natural  gravel  B 

0.5 

5.0 

1-1/2 

15,875 

100 

114 

122 

112 

107 

105 

91 

4-14 

Aug  1962 

Natural  gravel  B 

0.8 

4.9 

1-1/2 

15,505 

100 

103 

us 

us 

102 

84 

66 

4-15 

Aug  1962 

Gneiss 

0.5 

4.8 

1-1/2 

14,335 

100 

124 

140 

135 

131 

121 

107 

4-16 

Aug  1962 

Gneiss 

0.8 

4.8 

1-1/2 

13,890 

100 

122 

112 

139 

76 

Failed 

1970-1976  Headings 

1062 

1231 

1388 

1528 

1664 

1776 

1922 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

Cycles 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

p2 

l&v2 

itv2 

p2 

p2 

fi— 

9-11 

Aug  1962 

Dolomite 

0.5 

4.8 

1-1/5 

Failed 

4-13 

July  1962 

Natural  gravel  B 

0.5 

5.0 

1-1/5 

81 

80 

90  tt 

118 

105 

94 

4-14 

Aug  1962 

Natural  gravel  B 

0.8 

4.9 

1-1/5 

t 

Failed 

4-15 

Aug  1962 

Gneiss 

0.5 

4.8 

1-1/5 

99 

104* 

115  tt 

120 

123 

ll6 

1977- 

Readings 

1999 

Cycles 

1977 

fry2 .. 

4-11 

Aug  1962 

Dolomite 

0.5 

4.8 

1-1/2 

4-13 

July  1962 

Natural  gravel  B 

0.5 

5.0 

1-1/2 

94 

4-14 

Aug  1962 

Natural  gravel  B 

0.8 

4.9 

1-1/2 

4-15 

Aug  1962 

Gneiss 

0.5 

4.8 

1-1/2 

109 

*  Air  content  and  slump  of  that  portion  of  the  concrete  containing  aggregate  smaller  than  1-1/2  in.  in  size, 
t  A  satisfactory  reading  could  not  be  taken  because  of  the  condition  of  the  specimen, 
tt  Equipment  malfunctioned  in  1973. 


(Revised  Sept  1970) 


Section  36 


7 


Cement-Replacement  Materials  Investigation,  Phase  G* 


In  November  1962,  two  concrete  prisms  (l8  by  l8  by  36  in.)  were  in¬ 
stalled  at  half-tide  elevation  on  the  beach  at  Treat  Island  as  a  part  of 
Phase  G  (field  phase)  of  the  cement-replacement  materials  investigation.* 
Phase  G  (field  phase)  involved  the  proportioning,  outdoor  mixing,  and 
placing  of  lean  mass  concrete  containing  pozzolans.  The  purpose  of  this 
installation  is  to  develop  information  about  the  durability  of  these  lean 
mass  concretes . 

The  prisms  were  made  from  two  different  concrete  mixtures  (one  prism 
per  mixture);  the  coarse  and  fine  aggregates  used  in  both  mixtures  were 
crushed  limestone.  Each  concrete  mixture  was  air-entrained  and  each  con¬ 
tained  type  II  portland  cement  and  one  replacement  material.  The  mixture 
data  are  tabulated  below.  Table  1-CRMI-PG  lists  these  concrete  prisms 
and  gives  their  exposure  record. 

Nominal 

Cemen- 

Speci-  Replacement  titious 

men  Material  Max  Material  Water- 

and  Date  Portland  Size  Factor  cement  Nominal 


Mix 

No. 

Cast 

1962 

Cement 

1o,  by  Wt 

Type 

by  Wt 
Used 

Coarse 

Aggr 

bags/ 
cu  yd 

Ratio 
by  Wt 

Slump 
in . 

Air** 

i 

1 

9-12 

48.5 

Fly 

ash 

51.5 

6 

2.1 

0.62 

1-3/4 

5-0- 

6.6 

6 

6-21 

57-3 

Shale 

42.7 

6 

1.7 

O.85 

1-3/4 

5.0- 

6.0 

**  Air  content  of  that  portion  of  the  concrete  containing  aggregate 
smaller  than  1-1/2- in.  size. 


(1)  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Inves¬ 
tigation  of  Cement -Replacement  Materials;  Use  of  Large  Amounts  of 
Pozzolans  in  Lean  Mass  Concrete,  by  W.  0.  Tynes,  Miscellaneous 
Paper  No.  6-123,  Report  10  (Vicksburg,  Miss.,  August  1962). 

(2)  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Inves¬ 
tigation  of  Cement -Replacement  Materials;  Use  of  Large  Amounts  of 
of  Pozzolans  in  Lean  Mass  Concrete  (Second  Phase),  by  W.  0.  Tynes, 


Miscellaneous  Paper  No.  6-123,  Report  li 
October  1966). 


(Vicksburg,  Miss., 


(Revised  Jan  1972) 


/ 


Table  l-CRMI-PG  Section  36 


Record  of  Testing  of  Prisms  Made  for  Cement- 

Replacement  Materials  Investigation 

Phase  G,  1962-  (installed  November  1962) 

Beach 

Row  2  (E  to  W) 

% 

Specimen 

and 

Mix  No. 

Portland 

Cement 

1o 

Replace¬ 

ment 

Material* 

i 

Maximum 
Aggregate 
Size 
in . 

1962-1964 
0  Cycles 

1962 

Readings 

106  241 

Cycles  Cycles 
1963  1964 

iv2  p2 

Pulse 

Veloc 

fps 

iv2 

1 

48.5** 

51.5** 

6 

16,665 

100 

102 

95 

6 

57.3** 

42.7** 

6 

15,305 

100 

94 

92 

1965-1968  Readings 

«  \ 

4o4 

534 

690 

875 

♦  w 

Cycles 

Cycles 

Cycles 

Cycles 

1965 

1966 

1967 

1968 

iv2 

^v2 

iv2 

iv2 

1 

48.5** 

51.5** 

6 

94 

76 

79 

66 

6 

57-3** 

42.7** 

6 

119 

85 

t 

t 

1969- 

Readings 

1029 

1182 

1351 

Cycles 

Cycles 

Cycles 

i 

1969 

1970 

1971 

i^2 

iv2 

iv2 

l 

48.5* 

51.5** 

6 

t 

t 

Failed 

6 

57.3** 

42.7** 

6 

t 

Failed 

*  Replacement  material  in  mix  1  was  fly  ash;  replacement  material  in 
mix  6  was  shale. 

**  Percent  by  weight  of  total  cementitious  material  (cement  plus 
f  '  '  pozzolan) . 

"  t  Faces  of  prism  too  rough  to  obtain  satisfactory  reading. 


(issued  Aug  1964) 


Section  37 


Maximum  Size  of  Coarse  Aggregate  Program 

I 

In  December  19^3,  18  mass  concrete  prisms  (18  by  18  by  36  in.)  were 
installed  at  half -tide  elevation  on  the  beach  at  Treat  Island. 

The  objective  of  this  program  was  to  determine  if  the  maximum  size  of 
coarse  aggregate  used  in  mass  concrete  could  be  reduced  from  6  to  3  in- 
without  loss  in  quality  of  concrete. 

The  prisms  were  made  from  l8  different  concrete  mixtures  (one  prism 
per  mixture);  the  coarse  and  fine  aggregate  used  in  all  mixtures  was  a 
crushed  limestone.  Each  concrete  mixture  was  air-entrained  (5  +  1  percent) 
with  a  slump  of  2  +  l/2  in . ,  and  each  contained  type  II  portland  cement . 
Cement  factors  varied  from  2  to  3  bags  per  cu  yd;  12  mixtures  contained  a 
cement -replacement  material.  The  maximum  size  of  aggregate  in  all  mixtures 
was  either  3  or  6  in. 

Table  1-CAP  lists  these  concrete  prisms  and  gives  their  exposure 
record  along  with  other  pertinent  information. 


i 


(Revised  Sept  19 66) 
Table  1-CAP 


Section  37 


Record  of  Testing  of  Prisms  Made  for  Maximum  Size 
of  Coarse  Aggregate  Program 
1963-  (Installed  December  1963) 


_ Beach  Row  2  (W  to  R) 

Actual  Max 


Speci¬ 

men 

and 

Mix 

No. 

Date  Made 

Nominal 
Cement 
Factor 
bags/ 
cu  yd 

Replace¬ 

ment 

Material* 

Sand: 

Aggre¬ 

gate 

Ratio 

1° 

Size 

Coarse 

Aggre¬ 

gate 

in. 

0  Cycles 

_ 1962 _ 

Pulse 

Velocity  2 

fps  ftr 

121 

Cycles 

1964 

^v2 

284 

Cycles 

196^ 

iv2 

1 

Sept  1963 

2.0 

None 

30 

3 

14,285 

100 

129 

121 

2 

Sept  1963 

2.0 

None 

24 

6 

15,545 

100 

109 

n4 

3 

Sept  1963 

2.0 

Fly  ash 

30 

3 

14,150 

100 

93 

** 

4 

Sept  1963 

2.0 

Fly  ash 

24 

6 

15,385 

100 

115 

n5 

5 

Sept  1963 

2.0 

Shale 

30 

3 

14,780 

100 

107 

119 

6 

Sept  1963 

2.0 

Shale 

24 

6 

16,395 

100 

107 

109 

7 

Sept  1963 

2.5 

None 

30 

3 

14,850 

100 

117 

119 

8 

Sept  1963 

2.5 

None 

23 

6 

16,215 

100 

no 

n3 

9 

Sept  1963" 

2.5 

Fly  ash 

30 

3 

15,465 

100 

104 

n5 

10 

Sept  1963 

2.5 

Fly  ash 

23 

6 

16,130 

100 

107 

114 

11 

Oct  1963 

2.5 

Shale 

30 

3 

15,305 

100 

104 

116 

12 

Oct  1963 

2.5 

Shale 

23 

6 

15,955 

100 

106 

n3 

13 

Oct  1963 

3.0 

None 

29 

3 

1U.925 

100 

113 

126 

14 

Oct  1963 

3-0 

None 

22 

6 

16,130 

100 

104 

113 

15 

Oct  1963 

3-0 

Fly  ash 

29 

3 

14,705 

100 

113 

136 

16  . 

Oct  1963 

3-0 

Fly  ash 

22 

6 

15,875 

100 

107 

109 

17 

Oct  1963 

3.0 

Shale 

29 

3 

15,385 

100 

in 

123 

18 

Oct  1963 

3.0 

Shale 

22 

6 

15,955 

100 

108 

118 

_ (Continued) _ 

Note:  The  following  specimens  were  made  on  the  same  day:  1  and  2,  3  and  4,  5  and 
6,  7  and  8,  9  and  10,  11  and  12,  13  and  14,  15  and  16,  17  and  18;  in  other 

words,  the  specimens  were  made  on  c  different  1  1 0  <?,«••). 

r  .placement  dy  .-.o' .  d  volume. 

**  Condition  of  this  prism  precluded  pulse  velocity  testing. 


(Sheet  l) 


(Revised  Sept  1970) 


Table  1-CAP  (Continued) 


Section  37 


Beach 

Row  2 

(W  to  E) 

Speci¬ 

men 

and 

Mix 

No. 

Date  Made 

Nominal 
Cement 
Factor 
bags/ 
cu  yd 

Replace¬ 

ment 

Material 

Actual 

Sand: 

Aggre¬ 

gate 

Ratio 

t 

Max 

Size 

Coarse 

Aggre¬ 

gate 

in. 

4l4 

Cycles 

1966 

iv2 

570 

Cycles 

1967 

iv2 

755 

Cycles 

1968 

%v2 

909 

Cycles 

1969 

loW2 

1 

Sept  1963 

2.0 

None 

30 

3 

106 

t 

Failed 

2 

Sept  1963 

2.0 

None 

24 

6 

103 

88 

102 

t 

3 

Sept  1963 

2.0 

Fly  ash 

30 

3 

Failed 

4 

Sept  1963 

2.0 

Fly  ash 

24 

6 

108 

104 

103 

97 

5 

Sept  1963 

2.0 

Shale 

30 

3 

108 

107 

100 

t 

6 

Sept  1963 

2.0 

Shale 

24 

6 

97 

94 

92 

88 

7 

Sept  1963 

2.5 

None 

30 

3 

111 

113 

110 

106 

8 

Sept  1963 

2.5 

None 

23 

6 

106 

103 

106 

91 

9 

Sept  1963 

2.5 

Fly  ash 

30 

3 

100 

91 

93 

85 

10 

Sept  1963 

2.5 

Fly  ash 

23 

6 

101 

9^ 

95 

85 

11 

Oct  1963 

2.5 

Shale 

30 

3 

108 

99 

101 

95 

12 

Oct  1963 

2.5 

Shale 

23 

6 

101 

101 

100 

88 

13 

Oct  1963 

3-0 

None 

29 

3 

11 2 

117 

112 

103 

14 

Oct  1963 

3.0 

None 

22 

6 

100 

100 

99 

92 

15 

Oct  1963 

3-0 

Fly  ash 

29 

3 

115 

n4 

114 

no 

16 

Oct  1963 

3-0 

Fly  ash 

22 

6 

108 

100 

103 

96 

17 

Oct  1963 

3-0 

Shale 

29 

3 

111 

no 

106 

97 

18 

Oct  1963 

3.0 

Shale 

22 

6 

108 

101 

103 

94 

t  End  of  prism  too  rough  to  obtain  satisfactory  reading 


(Sheet  2) 


(Revised  August  1977) 


1 


Table  1-CAP  (Continued) 


Section  37 


Beach  Row  2  (W  to  E) 


Speci¬ 

men 

and 

Mix 

No. 

Date  Made 

Nominal 
Cement 
Factor 
bags/ 
cu  yd 

Replace¬ 

ment 

Material 

Actual 

Sand: 

Aggre¬ 

gate 

Ratio 

t 

Max 

Size 

Coarse 

Aggre¬ 

gate 

in. 

1062 

Cycles 

1970 

t T2 

1231 

Cycles 

1971 

fv2 

1970-1975  Readings 

1388  1528  1664 

Cycles  Cycles  Cycles 
1972  1973  1974 

*V2  *v2  tv2 

1776 

Cycles 

1975 

'gv2 

2 

Sept  1963 

2.0 

None 

2k 

6 

t 

Failed 

4 

Sept  1963 

2.0 

Fly  ash 

2b 

6 

86 

t 

Failed 

5 

Sept  1963 

2.0 

Shale 

30 

3 

t 

Failed 

6 

Sept  1963 

2.0 

Shale 

2k 

6 

84 

t 

Failed 

7 

Sept  1963 

2.5 

None 

30 

3 

104 

76 

104 

tt 

84 

106 

8 

Sept  1963 

2.5 

None 

23 

6 

87 

NR 

86 

ft 

104 

94 

9 

Sept  1963 

2.5 

Fly  ash 

30 

3 

Failed 

10 

Sept  1963 

2.5 

Fly  ash 

23 

6 

80 

NR 

86 

tt 

38 

Failed 

ll 

Oct  1963 

2.5 

Shale 

30 

3 

88 

NR 

88 

tt 

Failed 

12 

Oct  1963 

2.5 

Shale 

23 

6 

83 

20 

84 

tt 

96 

92 

13 

Oct  1963 

3.0 

None 

29 

3 

100 

NR 

100 

tt 

116 

113 

14 

Oct  1963 

3.0 

None 

22 

6 

89 

34 

91 

tt 

84 

71 

15 

Oct  1963 

3.0 

Fly  ash 

29 

3 

91 

90 

109 

tt 

122 

118 

16 

Oct  1963 

3.0 

Fly  ash 

22 

6 

89 

74 

94 

tt 

107 

106 

17 

Oct  1963 

3-0 

Shale 

29 

3 

95 

72 

99 

tt 

112 

114 

18 

Oct  1963 

3.0 

Shale 

22 

6 

91 

80 

102 

tt 

108 

108 

_ 1976- _ Readings 

1922  1999 
Cycles  Cycles 
1976  1977 


-0  ^9 


2 

Sept  1963 

2.0 

None 

24 

6 

4 

Sept  1963 

2.0 

Fly  ash 

24 

6 

5 

Sept  1963 

2.0 

Shale 

30 

3 

6 

Sept  1963 

2.0 

Shale 

24 

6 

7 

Sept  1963 

2.5 

None 

30 

3 

Failed 

8 

Sept  1963 

2.5 

None 

23 

6 

83 

Failed 

9 

Sept  1963 

2.5 

Fly  ash 

30 

3 

10 

Sept  1963 

2.5 

Fly  ash 

23 

6 

11 

Oct  1963 

2.5 

Shale 

30 

3 

12 

Oct  1963 

2.5 

Shale 

23 

6 

67 

Failed 

13 

Oct  1963 

3.0 

None 

29 

3 

101 

95 

14 

Oct  1963 

3.0 

None 

22 

6 

71 

81 

15 

Oct  1963 

3.0 

Fly  ash 

29 

3 

115 

103 

16 

Oct  1963 

3.0 

Fly  ash 

22 

6 

89 

65 

17 

Oct  1963 

3.0 

Shale 

29 

3 

86 

47 

18 

Oct  1963 

3.0 

Shale 

22 

6 

77 

59 

o 


t  End  of  prism  too  rough  to  obtain  satisfactory  reading. 

♦  t  Equipment  malfunctioned  in  1973. 

NR  Unable  to  obtain  satisfactory  reading,  although  an  attempt  was  made  to  do  so. 


(Sheet  3) 


(issued  Aug  1965) 


Section  38 


Maximum  Allowable  Water-cement  Ratio  Investigation 

In  December  1964,  24  concrete  prisms  (l8  by  l8  by  36  in.)  were  in¬ 
stalled  on  the  beach  at  Treat  Island.  The  objective  of  this  installation 
was  to  observe  the  durability  of  mass  concrete  mixtures  in  which  the 
water-cement  ratios  varied  from  0.6  to  1.1  by  weight. 

'  The  prisms  were  made  from  12  concrete  mixtures  (two  prisms  per 
mixture);  the  coarse  and  fine  aggregate  used  in  all  mixtures  was  a  crushed 
limestone.  The  maximum  size  of  the  aggregate  was  6  in.  Each  concrete 
mixture  was  air-entrained  (5  +  1$)  with  a  slump  of  2  +  l/2  in.,  and  each 
contained  type  II  Portland  cement.  Cement  factors  varied  from  1.59  to 
2.93  bags  per  cu  yd;  6  mixtures  contained  a  cement-replacement  material 
(30$  by  solid  volume). 

Table  1-MAWC  lists  these  concrete  prisms  and  gives  their  exposure 
record  along  with  other  pertinent  information. 


(Revised  Sept  1968) 
Table  1-MAW 


Record  of  Testing;  of  Prisms  Made  for  Maximum 
Allowable  Water -Cement  Ratio  Investigation 
1964- _ (Installed  December  1964) 


Cement 


Type  Replacement  Water-Cement  Ratio 
Pate  Made  Cement  Material*  gal 3/ bag  by  weig] 


Pulse  Velocity 


Prism 

No. 


Feb  196U 
Aug  1904 
May  I96U 
July  1904 
June  1964 
July  1904 
June  1904 
Aug  1904 
Apr  1964 
Aug  1904 
Apr  1964 
Aug  1964 
Mar  1964 
Aug  1964 
June  1904 
June  1964 
Mar  1964 
Aug  1964 
June  1964 
Aug  1964 
June  1964 
Aug  1964 
June  1964 
Aug  1964 


None 


None 


None 


lement 


Prism 

No. 


Type 

Date  Made  Cement 


Replacement  Water-Cement  Ratio 
Material*  galsAag  by  weig} 


Factor 


Feb  1964 
Aug  1964 
May  1964 
July  1964 
June  1964 
July  1964 
June  1964 
Aug  1964 
Apr  1964 
Aug  1964 
Apr  1964 
Aug  1964 
Mar  1964 
Aug  1964 
June  1964 
June  1964 
Mar  1964 
Aug  1964 
June  1964 
Aug  1964 
June  1964 
Aug  1964 
June  1964 
Aug  1964 


None 


None 


None 


None 


None 


None 


[^antinued 


(Sheet.  1) 


yy'  replacement  by  solid  volume 


(Revised  August  1977) 
Table  1-MAWC  (Continued) 


Section  38 


Type 

Cement 

Replacement 

Material* 

Cement 

623 

Cycles 

1968 

777 

Cycles 

1969 

930 

Cycles 

1970 

1099 

Cycles 

1971 

1256 

Cycles 

1972 

No. 

Date  Made 

gxls/bxg 

by  veight 

bsgs/cu  yd 

f 

%2 

|2 

%2 

f2 

Mix  1,  Rd  1 

Feb  196k 

II 

None 

6.8 

0.6 

2.93 

111 

n5 

109 

102 

88 

Rd  2 

A UR  196b 

II 

Hone 

6.8 

0.6 

2.93 

117 

102 

NR 

106 

91 

Mix  2,  Rd  1 

Mxy  196* 

II 

None 

7.9 

0.7 

2.51 

108 

100 

10 2 

87 

75 

Rd  2 

July  196b 

II 

Hone 

7.9 

0.7 

2.51 

108 

101 

121 

115 

66 

Mix  3,  Rd  1 

June  1964 

II 

None 

9.0 

0.8 

2.20 

105 

97 

98 

75 

65 

Rd  2 

July  196b 

II 

Hone 

9.0 

0.8 

2.20 

110 

99 

88 

82 

78 

Mix  It,  Rd  1 

June  1964 

II 

None 

10.2 

0.9 

1.95 

106 

NR** 

NR 

NR 

NR 

Rd  2 

Aug  196b 

II 

None 

10.2 

0.9 

1.95 

112 

101 

91 

80 

35 

Mix  5.  Rd  1 

Apr  196b 

II 

Hone 

11.3 

1.0 

1.76 

100 

77 

NR 

NR 

Failed 

Rd  2 

Aug  196b 

II 

None 

11.3 

1.0 

1.76 

105 

82 

NR 

NR 

Failed 

Mix  6,  Rd  1 

Apr  196b 

II 

None 

12.  b 

1.1 

1.59 

57 

t 

Failed 

Rd  2 

Aug  196b 

II 

None 

12.  b 

1.1 

1.59 

78 

NR 

Tailed 

Mix  7,  Rd  1 

Mar  196b 

II 

Ply  ash 

6.b 

0.6 

2.93 

93 

88 

102 

88 

84 

Rd  2 

Aug  196b 

II 

Ply  ash 

6.4 

0.6 

2.93 

109 

101 

97 

99 

93 

Mix  6,  Rd  1 

June  1964 

II 

Ply  ash 

7.4 

0.7 

2.51 

103 

100 

107 

90 

NR 

Rd  2 

June  1?64 

II 

Ply  ash 

7.4 

0.7 

2.51 

105 

96 

100 

85 

NR 

Mix  9,  Rd  1 

Mar  196b 

II 

Ply  ash 

8.4 

0.8 

2.20 

no 

95 

74 

86 

NR 

Rd  2 

Aug  1964 

II 

Ply  ash 

8.4 

0.8 

2.20 

U3 

97 

95 

NR 

NR 

Mix  10 ,  Rd  1 

June  1964 

II 

Ply  ash 

9.6 

0.9 

1.95 

no 

NR 

NR 

NR 

NR 

Rd  2 

Aug  1964 

II 

Ply  ash 

9.6 

0.9 

1.95 

n5 

NR 

NR 

NR 

NR 

Mix  11,  Rd  1 

June  1964 

II 

Ply  ash 

10.6 

1.0 

1.76 

102 

61 

NR 

NR 

NR 

Rd  2 

Aug  196b 

II 

Ply  ash 

10.6 

1.0 

1.76 

no 

98 

97 

90 

NR 

Mix  12,  Rd  1 

June  1964 

II 

Ply  ash 

11.6 

1.1 

1.59 

106 

87 

76 

NR 

NR 

Rd  2 

Aug  1964 

II 

Ply  ash 

11.6 

1.1 

1.59 

71 

NR 

NR 

NR 

NR 

Prism 

No. 

Date  Made 

Type 

Cement 

Replacement 

Material* 

Water-Cement  Ratio 
gula/bm  by  weight 

Cement 
Factor 
bags/cu  yd 

1396 

Cycles 

1973 

t* 

1532 

Cycles 

1974 

|2 

1644 

Cycles 

1975 

j2 

1790 

Cycles 

1976 

g2 

1889 

Cycles 

1977 

f 

Mix  1,  Rd  1 

Feb  196b 

II 

Hone 

6.8 

0.6 

2.93 

t+ 

109 

103 

69 

96 

Rd  2 

Aug  196b 

II 

None 

6.8 

0.6 

2.93 

tt 

107 

112 

107 

98 

Mix  2,  Rd  1 

May  196b 

II 

None 

7.9 

0.7 

2.51 

tt 

94 

109 

86 

77 

Rd  2 

July  196b 

II 

None 

7.9 

0.7 

2.51 

tt 

105 

118 

112 

51 

Mix  3,  Rd  1 

June  1964 

II 

None 

9.0 

0.8 

2.20 

tt 

Failed 

Rd  2 

July  196b 

II 

None 

9.0 

0.8 

2.20 

tt 

89 

102 

Failed 

Mix  I|,  Rd  1 

June  1964 

II 

None 

10.2 

0.9 

1.95 

tt 

Failed 

Rd  2 

Aug  196b 

II 

None 

10.2 

0.9 

1.95 

tt 

88 

8b 

Failed 

Mix  5.  Rd  1 

Apr  1964 

II 

None 

11.3 

1.0 

1.76 

Rd  2 

Aug  1964 

II 

None 

11.3 

1.0 

1.76 

Mix  6,  Rd  1 

Apr  1964 

II 

None 

12. b 

1.1 

1.59 

Rd  2 

Aug  196b 

II 

None 

12.  b 

1.1 

1.59 

Mix  7,  Rd  1 

Mar  196b 

II 

Fly  ash 

6.4 

0.6 

2.93 

tt 

93 

NR 

59 

88 

Rd  2 

Aug  196b 

II 

Fly  ash 

6.b 

0.6 

2.93 

tt 

99 

102 

96 

38 

Mix  6,  Rd  1 

June  1964 

II 

Fly  ash 

7.4 

0.7 

2.51 

tt 

10b 

109 

105 

Failed 

Rd  2 

June  1964 

II 

Fly  ash 

7.4 

0.7 

2.51 

tt 

99 

n4 

Failed 

Mix  9*  Rd  1 

Mar  196b 

II 

Fly  ash 

8.4 

0.8 

2.20 

tt 

103 

108 

Failed 

Rd  2 

Aug  196b 

II 

Fly  ash 

8.b 

0.6 

2.20 

tt 

Failed 

Mix  10,  Rd  1 

June  1964 

II 

Ply  ash 

9.6 

0.9 

1.95 

tt 

Failed 

Rd  2 

Aug  196b 

II 

Fly  ash 

9.6 

0.9 

1.95 

tt 

Failed 

Mix  11,  Rd  1 

June  196b 

II 

Fly  ash 

10.6 

1.0 

1.76 

tt 

Failed 

Rd  2 

Aug  1964 

II 

Ply  ash 

10.6 

1.0 

1.76 

tt 

103 

93 

Failed 

Mix  12,  Rd  1 

June  1964 

II 

Ply  ash 

11.6 

1.1 

1.59 

tt 

Failed 

Rd  2 

Aug  196b 

II 

Ply  ash 

11.6 

1.1 

1.59 

tt 

Failed 

*  30f  replacement  by  solid  voltaw. 

••  NR  denotes  that  s  satisfactory  reading  vas  not  obtained  although  an  attempt  was  made. 

t  A  pulse  velocity  reading  could  not  be  taken  through  the  path  previously  used  because  of  the  poor  condition  of  the  specimen. 

J-t  Equipment  Malfunctioned  in  19T3.  (Sheet  2) 
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(issued  Sept  1968) 


Section  39 


Curing  Investigation 

In  June  1968,  56  mass  concrete  prisms  (18-  by  18-  by  36-in.)  -were  in¬ 
stalled  on  the  Treat  Island  exposure  rack. 

The  purpose  of  this  installation  is  to  develop  information  about  the 
durability  of  mass  concrete  mixtures  that  contain  special  cements  or 
pozzolans. 

The  prisms  were  made  from  seven  concrete  mixtures  (eight  prisms  per 
mixture);  the  coarse  and  fine  aggregate  used  in  all  mixtures  was  a  crushed 
limestone,  maximum  size  6-in.  Each  concrete  mixture  was  air-entrained  (5*5 
+  1  percent)  with  a  slump  of  l-l/2  +  l/2  in.  and  a  cement  factor  of  2.5 
begs  per  cu  yd.  One  Portland  blast-furnace  slag  cement,  two  type  II  port- 
land  cements,  one  blend  of  type  II  Portland  cement  and  natural  cement,  and 
three  blends  of  type  II  portland  cement  with  a  replacement  material  (fly 
ash  or  calcined  shale)  were  used.  Four  curing  conditions  were  utilized 
(14  prisms  per  curing  condition): 


Curing 

Condition 

No. 

Days 
of  Fog 
Room  Curing 

Subsequent 

Curing 

1 

14 

Laboratory 

air 

2 

21 

Laboratory 

air 

3 

2 

Membrane 

curing 

compound 

4 

2 

Laboratory 

air 

Table  1-CT  lists  these  concrete  prisms  and  gives  their  exposure  record 
along  with  other  pertinent  information. 


(Revised  Jan  1972) 
Table  1-CT 


Section  39 


Record  of  Testing  of  Prisms  Made  for  Curing  Investigation 
1968- _ (installed  June  1968  at  Treat  Island,  Me.) 


Exposure  Rack,  Row  1 


Prism 

No. 

Position 
on  Rack* 

Curing 

Condition** 

Type  II 
Portland 
Cement 

fa 

Other  Cement 

t  ... 

Other  Re¬ 
placement 
Material 

i 

0  Cycles.  1968 
Pulse 

Veloc  ^ 

He  1-ds  ir 

154  Cycles 

_ 1269 _ 

307  Cycles 
1970 

476  Cycles 
1971 

tB tt 

<E 

u 

fir 

30021 

10 

I 

100  (cement  A) 

None 

None 

100 

16,305 

100 

104 

106 

102 

105 

82 

30022 

49 

100 

16,485 

100 

100 

103 

97 

102 

83 

1*0021 

14 

2 

100 

16,575 

100 

103 

103 

99 

99 

74 

1*0022 

44 

100 

16,215 

100 

103 

108 

100 

108 

78 

50021 

8 

3 

100 

16,045 

100 

108 

U4 

95 

114 

92 

50022 

31 

100 

15,705 

100 

104 

U3 

104 

112 

87 

60021 

23 

4 

100 

15,955 

100 

no 

106 

108 

100 

74 

60022 

30 

100 

15,705 

100 

105 

112 

104 

112 

84 

301*21 

40 

1 

100  (cement  B) 

None 

None 

100 

17,145 

100 

99 

105 

100 

106 

76 

301*22 

20 

100 

17,045 

100 

98 

106 

98 

103 

76 

1*01*21 

15 

2 

100 

17,045 

100 

98 

106 

95 

105 

80 

40422 

26 

100 

16,665 

100 

102 

107 

102 

104 

83 

501*21 

28 

3 

100 

16,215 

100 

103 

112 

99 

108 

71 

501*22 

6 

100 

15,955 

100 

109 

U4 

107 

103 

89 

60421 

35 

4 

100 

16,395 

100 

99 

U3 

98 

109 

70 

60422 

n 

100 

15,790 

100 

107 

U5 

105 

112 

82 

325S1 

18 

1 

75  (cement  A) 

None 

25 

100 

16,395 

100 

96 

n5 

95 

115 

77 

325S2 

I 

(calcined 

100 

15,790 

100 

98 

in 

94 

117 

87 

1*25S1 

1*2 

2 

shale ) 

100 

16,130 

100 

97 

U7 

84 

113 

78 

l*25S2 

38 

100 

16,215 

100 

95 

108 

95 

108 

78 

525S1 

51 

3 

25 

100 

15,705 

100 

99 

131 

96 

127 

70 

525S2 

12 

(shale) 

100 

15,465 

100 

100 

116 

99 

113 

85 

625S1 

27 

U 

100 

16,130 

100 

102 

112 

100 

109 

86 

625S2 

13 

100 

15,875 

100 

100 

n9 

99 

116 

82 

335N1 

3 

1 

65  (cement  A) 

35  (nat 

None 

100 

15,955 

100 

101 

108 

98 

102 

83 

335N2 

24 

cement) 

100 

16,305 

100 

100 

107 

98 

104 

79 

>*35111 

50 

2 

100 

16,575 

100 

98 

89 

96 

85 

78 

li35N2 

9 

100 

15,790 

100 

104 

no 

103 

110 

88 

535N1 

55 

3 

100 

16,395 

100 

96 

110 

93 

109 

64 

535N2 

39 

100 

15,875 

100 

101 

n3 

99 

113 

77 

635N1 

4 

4 

100 

15,790 

100 

103 

107 

100 

104 

31 

635S2 

7 

100 

16,215 

100 

95 

n6 

107 

116 

75 

325F1 

53 

1 

75  (cement  A) 

None 

25 

100 

17,750 

100 

83 

108 

79 

107 

80 

325F2 

45 

(fly  ash) 

100 

16,130 

100 

94 

109 

91 

no 

77 

I*25F1 

56 

2 

100 

16,855 

100 

96 

104 

93 

103 

80 

U25F2 

25 

100 

16,305 

100 

95 

no 

95 

107 

80 

525F1 

17 

3 

100 

16,305 

100 

97 

115 

95 

113 

76 

525F2 

29 

100 

16,485 

100 

100 

n5 

100 

116 

77 

625F1 

33 

4 

100 

16,305 

100 

102 

127 

100 

124 

87 

625F2 

36 

100 

15,790 

100 

101 

n6 

99 

115 

80 

3BFS1 

4l 

1 

None 

100 

None 

100 

16,855 

100 

94 

102 

89 

101 

74 

3BFS2 

19 

(portland 

100 

16,665 

100 

94 

107 

93 

106 

78 

4BFS1 

52 

2 

blast¬ 

100 

16,665 

100 

92 

101 

86 

100 

75 

1*BFS2 

21 

furnace 

100 

16,485 

100 

96 

108 

93 

105 

75 

5BFS1 

16 

3 

slag 

100 

16,575 

100 

97 

108 

92 

108 

72 

5BFS2 

2 

cement) 

100 

16,760 

100 

95 

108 

92 

♦ 

86 

6BFS1 

5 

U 

100 

16,855 

100 

95 

108 

89 

97 

80 

6BFS2 

37 

100 

16,215 

100 

102 

107 

100 

104 

73 

335F1 

22 

1 

65  (cement  A) 

None 

35 

100 

16,855 

100 

94 

in 

93 

108 

75 

335F2 

54 

(fly  ash) 

100 

16,855 

100 

87 

105 

82 

105 

59 

U35F1 

46 

2 

100 

16,855 

100 

90 

106 

88 

103 

83 

435F2 

48 

100 

16,760 

100 

90 

111 

84 

107 

72 

535F1 

47 

3 

100 

16,395 

100 

95 

94 

93 

90 

75 

535F2 

34 

100 

16,045 

100 

101 

120 

96 

120 

86 

635F1 

32 

4 

100 

16,485 

100 

98 

n4 

97 

no 

80 

635F2 

43 

100 

15,705 

100 

101 

121 

99 

118 

80 

*  Position  in  row  1  of  exposure  rack  starting  from  western  end.  For  example:  Prism  30021  is  the  10th  prism  from  the  western 
end  of  row  1. 

**  See  text  of  Section  39  for  outline  of  curing  conditions, 
t  All  percentages  are  by  solid  volume  of  total  cementitious  material. 

ft  Satisfactory  flexural  frequency  readings  were  not  obtained  on  any  of  these  prisms  in  1969  due  to  malfunction  of  testing 

equipment . 

♦  A  satisfactory  reading  was  not  obtained. 


(Revised  May  1976) 
Table  1-CT  (Continued) 


osure  Rack,  Row  1 


Type  II 
Portland 


Other  Re¬ 
placement 


633  Cycles  773  Cycles  909  Cycles  1021  Cycles 


Prism 

Position 

Curing 

Cement 

Other  Cement 

Material 

_ ii 

Td 

lb 

- ±2. 

Iz -  - =* 

1  o 

No. 

on  Rack 

Condition 

i 

* 

* 

£_ 

Jvf 

*E 

$£ 

%E_ 

fid  fi_ 

tv2 

30081 

10 

1 

100  (cement  A) 

None 

None 

91 

98 

99 

100 

100 

100  103 

129 

30088 

49 

103 

99 

103 

99 

104 

99  104 

125 

40021 

14 

2 

93 

94 

90 

97 

87 

97  83 

115 

1+0028 

44 

107 

97 

107 

no 

100 

110  100 

123 

50081 

8 

3 

108 

99 

92 

no 

108 

no  105 

140 

50088 

31 

111 

101 

109 

109 

109 

109  109 

128 

60081 

23 

4 

83 

88 

83 

85 

82 

85  NR 

89 

60088 

30 

109 

107 

109 

no 

109 

no  108 

137 

30U81 

40 

1 

100  (cement  B) 

None 

None 

95 

88 

90 

89 

90 

89  85 

67 

301+88 

20 

104 

95 

103 

82 

103 

88  100 

117 

1+01+81 

15 

2 

96 

93 

100 

99 

97 

99  87 

111 

1+01+88 

86 

104 

96 

104 

107 

104 

107  104 

36 

501*21 

88 

3 

96 

87 

94 

79 

91 

79  84 

129 

501+88 

6 

100 

99 

78 

102 

101 

108  101 

125 

601*81 

35 

4 

86 

59 

85 

64 

84 

64  83 

120 

601+88 

11 

109 

94 

108 

86 

107 

86  H6 

129 

385  SI 

18 

1 

75  (cement  A) 

None 

25 

105 

96 

107 

105 

105 

105  105 

107 

385 S2 

1 

(calcined 

117 

95 

92 

113 

117 

113  117 

131 

1+25S1 

42 

2 

shale ) 

106 

86 

106 

93 

103 

93  103 

87 

1+85  S2 

38 

101 

8l 

102 

106 

100 

106  ioi 

38 

525  SI 

51 

3 

25 

188 

85 

95 

103 

101 

103  101 

92 

585  S2 

18 

( shale ) 

107 

100 

113 

112 

113 

118  118 

133 

625S1 

87 

4 

108 

85 

97 

79 

90 

79  83 

108 

685S8 

13 

116 

99 

116 

108 

116 

108  111 

127 

335N1 

3 

1 

65  (cement  A) 

35  (nat 

None 

96 

93 

99 

95 

96 

95  93 

102 

335N8 

84 

cement ) 

103 

89 

100 

88 

97 

68  74 

103 

1+35N1 

50 

2 

100 

90 

106 

97 

98 

97  HR 

102 

1+35N2 

9 

104 

92 

90 

113 

111 

113  118 

125 

535  Nl 

55 

3 

102 

33 

99 

6l 

98 

61  NR 

58 

535K8 

39 

99 

83 

96 

82 

100 

88  97 

127 

635N1 

4 

4 

96 

59 

81 

47 

77 

47  70 

33 

635N2 

7 

108 

99 

106 

81 

104 

81  101 

113 

325F1 

53 

1 

75  (cement  A ) 

None 

25 

101 

75 

95 

82 

95 

88  95 

100 

325F2 

45 

(fly  ash) 

107 

93 

108 

93 

105 

91  no 

126 

485F1 

56 

2 

106 

95 

93 

95 

90 

95  HR 

107 

1+25F2 

25 

97 

86 

108 

98 

111 

98  no 

134 

525F1 

17 

3 

107 

100 

110 

100 

108 

100  117 

132 

585 F2 

29 

111 

101 

113 

105 

112 

105  113 

120 

625F1 

33 

4 

106 

100 

104 

107 

104 

107  100 

99 

685F8 

36 

115 

98 

115 

100 

118 

100  115 

43 

3BFS1 

4l 

1 

None 

100 

None 

98 

77 

87 

75 

92 

75  87 

32 

3BFS2 

19 

(Portland 

106 

95 

106 

102 

105 

108  104 

124 

1+BFS1 

58 

2 

blast¬ 

96 

44 

90 

78 

90 

78  90 

91 

1+BF38 

21 

furnace 

101 

99 

101 

98 

104 

98  104 

112 

5BFS1 

16 

3 

slag 

108 

80 

99 

79 

99 

79  107 

102 

5BFS8 

8 

cement ) 

96 

94 

83 

94 

97 

94  HR 

105 

6BFS1 

5 

4 

94 

84 

88 

84 

87 

84  77 

103 

6BFS2 

37 

100 

78 

93 

100 

94 

100  91 

126 

335F1 

88 

1 

65  (cement  A) 

None 

35 

105 

96 

102 

92 

102 

92  103 

118 

335F2 

54 

(fly  ash) 

106 

49 

105 

91 

105 

91  hr 

116 

1+35F1 

46 

2 

103 

84 

100 

93 

106 

93  109 

115 

435F8 

48 

104 

91 

101 

91 

104 

91  104 

91 

535F1 

47 

3 

103 

99 

85 

99 

84 

99  84 

122 

535F8 

34 

117 

89 

122 

79 

122 

79  187 

58 

635F1 

38 

4 

106 

97 

106 

100 

no 

100  115 

126 

635F8 

43 

180 

91 

120 

103 

102 

103  107 

141 

(Issued  August  1977) 
Table  1-CT  (Continued) 


Section  39 


Esposure  Rack,  Row  1 


Prism  Position 
No.  on  Rack 

Curing 

Condition 

Type  II 
Portland 
Cement 
< 

Other  Cement 

4 

Other  Re¬ 
placement 
Material 

i 

1167  Cycles 
_ 1Z£ _ 

1244  cycles 
_ 1277 _ 

*E 

2 

JE 

1? 

30021 

10 

1 

100  (cement  A) 

None 

None 

99 

99 

99 

98 

30022 

49 

104 

98 

101 

92 

1(0021 

lU 

2 

109 

91 

105 

70 

40022 

44 

93 

98 

101 

68' 

50021 

8 

3 

102 

100 

101 

96 

50022 

31 

108 

102 

no 

109 

60021 

23 

4 

NR* 

66 

61 

78 

60022 

30 

102 

105 

102 

109 

30421 

4o 

1 

100  (cement  B) 

None 

None 

86 

85 

101 

2U 

30422 

20 

91 

93 

95 

99 

40421 

15 

2 

96 

96 

88 

92 

40422 

26 

95 

109 

98 

84 

50421 

28 

3 

81* 

86 

83 

Broken 

50422 

6 

98 

98 

95 

102 

60421 

35 

4 

71 

62 

Broken 

60422 

11 

113 

66 

100 

89 

325 Si 

18 

1 

75  (cement  A) 

None 

25 

97 

75 

96 

75 

325S2 

1 

(calcined 

108 

104 

106 

83 

425S1 

42 

2 

shale 

119 

26 

NR 

NR 

42532 

38 

100 

89 

100 

Broken 

525S1 

51 

3 

25 

Broken 

61 

NR 

Broken 

525S2 

12 

( shale ) 

116 

96 

no 

108 

625 Si 

27 

4 

75 

NR 

88 

109 

625 S2 

13 

101 

96 

113 

98 

335H1 

3 

1 

65  (cement  A) 

35  (net 

None 

no 

82 

84 

72 

335112 

24 

cement) 

97 

94 

90 

86 

4351*1 

50 

2 

108 

98 

94 

79 

4351*2 

9 

100 

101 

102 

94 

535N1 

55 

3 

128 

50 

120 

Broken 

53^112 

39 

124 

NR 

118 

101 

6351*1 

4 

4 

Broken 

6351*2 

7 

109 

98 

325F1 

53 

1 

75  (cement  A) 

None 

25 

101 

81 

90 

81 

325F2 

45 

(fly  ash) 

106 

97 

105 

100 

425F1 

56 

2 

84 

96 

80 

95 

425F2 

25 

116 

99 

112 

96 

525F1 

17 

3 

112 

103 

104 

105 

525F2 

29 

107 

100 

104 

80 

625F1 

33 

4 

100 

95 

97 

87 

625F2 

36 

124 

107 

no 

60 

3BPS1 

4l 

1 

None 

100 

None 

95 

NR 

69 

84 

3BFS2 

19 

(Portland 

96 

94 

96 

93 

4BFS1 

52 

2 

blast- 

no 

68 

107 

59 

4BFS2 

21 

furnace 

110 

92 

99 

90 

5BFS1 

16 

3 

slag 

99 

72 

84 

68 

5BPS2 

2 

cement) 

86 

74 

78 

Broken 

6BFS1 

5 

4 

97 

4l 

71 

Broken 

6BFS2 

37 

no 

73 

109 

97 

335F1 

22 

1 

65  (cement  A) 

None 

35 

102 

97 

101 

104 

335F2 

54 

(fly  ash) 

109 

85 

102 

69 

435F1 

46 

2 

92 

97 

93 

93 

435F2 

48 

105 

83 

94 

89 

535F1 

47 

3 

79 

88 

79 

94 

535F2 

34 

125 

NR 

123 

97 

635F1 

32 

4 

107 

91 

101 

92 

635F2 

43 

no 

89 

112 

69 

*  NR  Mans  no  raiding  was  obtained. 


(Sheet  3) 


(Revised  Jan  1972) 


Section  40 


Investigation  of  Plastic  Based  Mortar  Coatings 

In  July  1969,  eight  concrete  panels  (nominal  size  10  by  10  by  3  in.) 
were  installed  on  the  exposure  rack  at  Treat  Island.  These  panels  are  part 
of  an  investigation  to  determine  the  field  durability  of  certain  plastic 
based  coatings. 

The  panels  were  made  of  air-entrained  concrete  containing  3/4-in. 
maximum  size  natural  coarse  aggregate,  natural  sand  fine  aggregate,  and 
type  II  portland  cement.  The  concrete  in  four  of  the  panels  had  a  28-day 
compressive  strength  of  3000  psi,  while  the  concrete  in  the  other  four  had 
a  28-day  compressive  strength  of  5000  psi.  Each  panel  (10  by  10  by  3  in.) 
was  formed  against  a  plywood  mold,  moist-cured  for  28  days,  and  then  stored 
at  a  relative  humidity  of  50  percent  for  seven  days  (at  laboratory  temper¬ 
ature).  After  this  35-day  curing  period  each  panel  was  coated  with  a  l/8- 
to  1^-in. -thick  plastic  based  mortar  coating  in  accordance  with  the  coat¬ 
ing  manufacturer's  specifications.  The  coated  panels  were  then  stored  at 
50  percent  relative  humidity  (at  laboratory  temperature)  for  28  days  and 
then  shipped  to  Treat  Island. 

The  eight  panels  installed  in  July  1969  were  coated  with  a  plastic 
based  mortar  coating  designated  PMC-1.  Table  1-MBC  lists  these  panels  and 
gives  their  exposure  record  along  with  other  pertinent  information. 

In  early  November  1969,  eight  additional  concrete  panels  of  the  same 
size  were  installed  on  the  Treat  Island  exposure  rack.  These  panels  were 
identical  in  every  respect  to  the  first  eight  panels  except  that  a  different 
plastic  based  mortar  coating,  designated  PMC-2,  was  used.  The  exposure 
record  and  other  information  about  these  panels  are  given  in  table  2-MBC. 

Panels  representing  two  additional  plastic  based  mortar  coatings 
were  installed  at  Treat  Island  in  December  1971.  The  mortar  coatings, 
designated  PMC-3  and  PMC-4,  represent  two  new  materials.  The  panels  are 
identical  with  previous  ones  exposed.  The  exposure  record  and  other  in¬ 
formation  are  given  in  Tables  3-MBC  and  4-MBC. 


■ 


(Revised  Aug  197*0 


Section  40 


Table  1-MBC 

Investigation  of  Plastic  Based  Mortar  Coatings 
Record  of  Testing  of  Concrete  Panels 

1969- _ (installed  July  1969) 


Exposure  Rack,  Row  5  (W  to  E) 


Panel 

No. 

28 -day 
Compressive 
Strength  of 
Mixture,  psi 

Mortar 

Coating 

1969- 1971  Conditions 

0 

Cycles 

1969 

153 

Cycles 

1970 

322 

Cycles 

1971 

I-A-l 

3000 

IMC-1 

Sound 

Light  spalling 

Heavy  spalling 

I-A-2 

3000 

FMC-1 

Sound 

Moderate  spalling 

Heavy  spalling 

I-A-3 

3000 

PMC-1 

Sound 

Moderate  spalling 

Heavy  spalling 

i-a-4 

3000 

FMC-1 

Sound 

Moderate  spalling 

Heavy  spalling 

I-B-l 

5000 

FMC-1 

Sound 

Heavy  spalling 

Heavy  spalling 

I-B-2 

5000 

FMC-1 

Sound 

Heavy  spalling 

Heavy  spalling 

I-B-3 

5000 

FMC-1 

Sound 

Heavy  spalling 

Heavy  spalling 

I-B-4 

5000 

FMC-1 

Sound 

Heavy  spalling 

Heavy  spalling 

479  Cycles,  1972* 


I-A-l 

3000 

FMC-1 

Mortar  coating 

completely  deteriorated 

I-A-2 

3000 

FMC-1 

Mortar  coating 

completely  deteriorated 

I-A-3 

3000 

FMC-1 

Mortar  coating 

completely  deteriorated 

I-A-4 

3000 

FMC-1 

Mortar  coating 

completely  deteriorated 

I-B-l 

5000 

PMC-l 

Mortar  coating 

completely  deteriorated 

I-B-2 

5000 

FMC-1 

Mortar  coating 

completely  deteriorated 

I-B-3 

5000 

PMC-l 

Mortar  coating 

completely  deteriorated 

I-b-4 

5000 

FMC-1 

Mortar  coating 

completely  deteriorated 

*  Monitoring  discontinued  after  1972  inspection. 
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Table  2-MBC 

Investigation  of  Plastic  Based  Mortar  Coatings 
Record  of  Testing  of  Concrete  Panels 

1969- _ (installed  November  1969) 


Exposure  Rack,  Row  9  (W  to  E) 


Panel 

No. 

28-day 
Compressive 
Strength  of 
Mixture,  psi 

Mortar 

Coating 

1969-1971  Conditions 

0 

Cycles 

1969 

153 

Cycles 

1970 

322 

Cycles 

1971 

II-A-1 

3000 

PMC-2 

So'md 

Light  spalling 

Heavy  spalling 

II-A-2 

3000 

FMC-2 

Sound 

Light  spalling 

Heavy  spalling 

II-A-3 

3000 

PMC-2 

Sound 

Light  spalling 

Heavy  spalling 

II-A-k 

3000 

PMC-2 

Sound 

Sound 

Heavy  spalling 

II-B-1 

5000 

PMC -2 

Sound 

Sound 

Heavy  spalling 

II-B-2 

5000 

PMC -2 

Sound 

Sound 

Heavy  spalling 

II-B-3 

5000 

PMC-2 

Sound 

Light  cracking 

Heavy  spalling 

ii-b-4 

5000 

PMC-2 

Sound 

Sound 

Moderate  spalling 

479  Cycles , 

1972 

II-A-1 

3000 

FMC-2 

Mortar  coating  completely  deteriorated 

II-A-2 

3000 

PMC- 2 

Mortar  coating  completely  deteriorated 

II-A-3 

3000 

PMC-2 

Heavy  spalling 

II-A-4 

3000 

PMC- 2 

Heavy  spalling 

II-B-1 

5000 

PMC- 2 

Heavy 

spalling 

II-B-2 

5000 

FMC-2 

Heavy  spalling 

II-B-3 

5000 

FMC-2 

Heavy  spalling 

II-B-4 

5000 

PMC- 2 

Moderate  spalling 

619  Cycles.  1973* 

II-A-1 

3000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-A-2 

3000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-A-3 

3000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-A-4 

3000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-B-1 

5000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-B-2 

5000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-B-3 

5000 

PMC-2 

Mortar  coating  completely  deteriorated 

II-B-4 

5000 

PMC-2 

Mortar  coating  completely  deteriorated 

#  Monitoring  discontinued  after  1973  inspection. 
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Table  3-MBC 

Investigation  of  Plastic  Based  Mortar  Coatings 
Record  of  Testing  of  Concrete  Panels 

1970-  (Installed  Dec  1970) 


Exposure  Rack, 

Row  5  (W  to  E) 

?8-day 

1970-1972  Conditions 

Compressive 

0 

156 

313 

Panel 

Strength  of 

Mortar 

Cycles 

Cycles 

Cycles 

No. 

Mixture ,  psi 

Coating 

1970 

1971 

1972 

III-A-1 

3000 

PMC- 3 

Sound 

Light  spalling 

Light  spalling 

III-A-2 

3000 

FMC-3 

Sound 

Light  spalling 

Light  spalling 

III-A-3 

3000 

FMC-3 

Sound 

Light  spalling 

Light  spalling 

iii-a-4 

3000 

PMC- 3 

Sound 

Light  spalling 

Light  spalling 

III-B-I 

5000 

FMC-3 

Sound 

Light  spalling 

Light  spalling 

III-B-2 

5000 

PMC- 3 

Sound 

Light  spalling 

Light  spalling 

III-B-3 

5000 

PMC- 3 

Sound 

Light  spalling 

Light  spalling 

III-B-4 

5000 

PMC- 3 

Sound 

Light  spalling 

Light  spalling 

493  Cycles,  1973* 


III-A-1 

3000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

III-A-2 

3000 

PMC- 3 

Mortar 

coating 

completely 

deteriorated 

III-A-3 

3000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

III-A-4 

3000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

III-B-1 

5000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

III-B-2 

5000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

III-B-3 

5000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

III-B-4 

5000 

PMC-3 

Mortar 

coating 

completely 

deteriorated 

* 


o 


Monitoring  discontinued  after  1973  inspection 
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Table  U-MBC 


Investigation  of  Plastic  Based  Mortar  Coatings 
Record  of  Testing  of  Concrete  Panels 


1970- 


( Installed  Dec  1970) 

Exposure  Rack,  Row  5  (W  to  E 


Light  spalling 
Sound 

Light  spalling 
Light  spalling 

Sound 

Sound 

Light  spalling 
Light  spalling 


Light  spalling 
Light  spalling 
Light  spalling 
Light  spalling 

Sound 

Sound 

Light  spalling 
Light  spalling 


IV-A-1 

IV-A-2 

IV-A-3 


IV-B-1 
IV-B-2 
IV-B-3 
-B- 


PMC-U 

PMC-U 

PMC-U 


k53  Cycles,  1973* 


Mortar  coating  completely  deteriorated 
Mortar  coating  completely  deteriorated 
Mortar  coating  completely  deteriorated 
Mortar  coating  completely  deteriorated 

Mortar  coating  completely  deteriorated 
Mortar  coating  completely  deteriorated 
Mortar  coating  completely  deteriorated 
Mortar  coating  completely  deteriorated 


*  Monitoring  discontinued  after  1973  inspection. 


PLATE  2 


STUDY,  WATERWAYS  EXPERIMENT  STATION 
(DATA  IN  SECTION  17) 


NOTE:  THE  EXPOSURE  OF  THESE  CEMENT  DURABILITY  PROGRAM  SPECIMENS 
HAS  NOW  BEEN  TERMINATED.  THE  TEST  SPECIMENS  REMAIN  ON  THE 
EXPOSURE  RACK.  HOWEVER.  SEE  VOL  II.  COMPLETED  INVESTIGATIONS. 
PROGRAM  21. 

THE  TESTING  AND  INSTALLATION  OF  SPECIMENS  AT  ST.  AUGUSTINE  WAS 
DISCONTINUED  AFTER  THE  1970  INSPECTION.  IN  AUGUST  1971.  15  SPECI¬ 
MENS  FROM  THE  ALKALI-AGGREGATE  REACTIVITY  INVESTIGATION  WERE 
RETURNED  TO  THE  LABORATORY. 


